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In the animal kingdom, particularly among its more 
highly specialized members where the primitive condition 
of indefinite multiplication of similar organs has given 
way to a high degree of differentiation, there is neces- 
sarily a close correlation between the size of a given 
organ and the size of the organism of which it forms a 
part. <A particularly large individual will tend to have 
proportionally large bodily structures, and vice versa. In 
the case of the higher plants, however, with their multi- 
plication of similar organs and their notably lower 
degree of organization and individuation, an interde- 
pendence between body size and organ size is certainly 
much less obvious. We need only to eall to mind the 
general similarity between leaves or fruits from small 
and from large trees to realize that in these larger, woody 
plants, at least, there is no very striking correlation be- 
tween the size of the body and the size of its parts. In 
certain herbaceous forms, however, evidence has from 
time to time been brought forward that such a correla- 
tion does in fact exist and that the largest plants 
(whether measured by dry weight, height, number of 
stalks or yield) are those which bear the largest fruits 
and seeds. The importance of such a conclusion on the 
theory and practice of seed selection is evident; and the 

1 This investigation was carried on by the aid of a grant from the 
American Association for the Advancement of Science. 
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question is also of considerable theoretical significance in 
that it bears directly on the perplexing problems of in- 
dividuality and organization. The aim of the present 
paper is to contribute to the solution of this problem by 
undertaking a careful analysis and interpretation of size 
relations in a series of bean plants. 


HIsToRICAL 


The problem, at least in certain of its aspects, has re- 
ceived attention at the hands of workers in several fields. 
Students of the cereal grains, in particular, have been 
interested in determining whether those plants which are 
large in the sense of having tall or many stems or a high 
yield are plants which produce large heads and seeds. 
This question is of importance in seed selection, since 
if high yield and large seed size are correlated, it will be 
comparatively easy to pick out from a mixture those 
seeds which have been produced by high-yielding plants. 
Seattered papers on other crops than the cereals also 
provide facts of interest. 

Most work has been done with the small grains, par- 
ticularly wheat and oats. Lyon (11) in 1906, although 
not using biometrical methods, observed that in wheat 
the weight of the average kernel is not correlated with 
the number of kernels per head or with the number of 
kernels per plant. He states that the highest vielding 
plants have medium-sized spikes and medium-sized 
kernels. 

Waldron (20) in 1910, working with oats, reported 
substantial negative correlations (— .4 to —.6 approxi- 
mately) between average weight of seed per plant and 
(1) number of seeds, (2) length of head, and (3) length 
of culm, thus indicating that the larger the plant, the 
smaller were its seeds. 

Results at variance with those of Waldron were 
recorded in 1911 by Love (9), Roberts (14) and Myers 
(12), working with wheat, and by Leighty (7), with oats. 
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These authors generally agree that there is a positive, 
though small, correlation, usually of about the magnitude 
of .2 to .4, between the size of the plant, as measured by 
height or by yield, and the average weight of the seeds 
it produces. Larger plants also tend rather consistently 
to have larger heads. 

In two extensive memoirs on oats in 1914 Love and 
Leighty (10) and Leighty (8) presented an abundance 
of data on this problem. In the former paper the authors 
find positive and fairly large correlations between the 
size of the plant, as measured by yield, and the size of 
each head, as measured by its individual yield or by the 
number of spikelets or number of kernels which it pro- 
duces. The average weight of kernel per plant is not 
very consistently correlated with any character repre- 
sentative of plant size, however, although most of the 
correlation coefficients are positive and many are, in cer- 
tain seasons, significantly large. In the second paper 
the author, working with another variety, finds consist- 
ent, positive and significant correlations between plant 
height and average weight of kernels. He points out 
that the degree of correlation in all characters studied 
increases considerably as the plants are reduced in size 
through crowding. 

Arny and Garber (1) in 1918 found that, in wheat, 
plant height and plant yield are positively correlated 
with spike length; and that average kernel weight is 
positively and consistently correlated with yield (total 
kernel weight) and with number of kernels. The authors 
mention unpublished work of Atkinson and Hutchinson 
who found substantially the same results. 

With corn, the reports are somewhat conflicting. 
Ewing (2) found a positive but small correlation between 
yield and leaf-length and breadth. Hutcheson and Wolfe 
(6) found a significant correlation between yield and both 
length and circumference of ear. Olson, Bull and Hayes 
(13) and others, however, find no significant correlation 
between yield and any other character studied. 
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With apples, Shaw (15, 16, 18) and Stewart (19) have 
pointed out that there is little relation between the yield 
of fruit on a tree and the average size of the fruit except 
in very heavy yields, when fruit size decreases. Small, 
young trees may have slightly larger fruits than large, 
old trees. Many investigators maintain, however, that 
under most conditions thinning will increase the size of 
the fruit ‘and thus imply that there is usually a negative 
correlation between yield and fruit size. 

In tobacco, Hayes (5) found that there is probably no 
significant correlation between number of leaves and 
average leaf area. 

In beans, Harris (3, 4) found a small positive correla- 
tion between number of pods per plant and (1) number 
of ovules per pod and (2) average weight of seed per 
plant, the higher yielding plants thus having somewhat 
larger pods and somewhat heavier seeds. 

In peas, Shaw (17) found that a positive but small cor- 
relation exists between length of vine and average weight 
of seed produced, and that this correlation is much 
greater in small plants than in large ones. 

The total evidence is therefore conflicting. A majority 
of the workers report positive correlations between plant 
size and the size of the various organs produced. These 
correlations, however, even when significant, are in most 
cases so small, and there are so many instances where the 
coefficients are clearly not significant or are even nega- 
tive, that no general conclusion, supported by the whole 
body of evidence, can well be drawn. 


MatTertats AND METHODS 


The present paper is the result of a study of a group of 
562 bean plants grown during the summer of 1918 as a 
part of a larger investigation. The beans were Red Kid- 
neys, and although they were not members of a pure line, 
they were so similar in all characters studied as to in- 
dicate that no wide genetic differences existed among 
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them. Seeds of uniform size were selected and were 
planted June first. The soil of the plot varied decidedly 
in fertility, with the result that some of the plants grew 
luxuriantly, many of them reaching a total dry weight of 
150 grams, whereas others were much dwarfed, reaching 
only 4 or 5 grams at maturity. The bulk of the popula- 
tion were intermediate in size. 

Over two hundred of the plants were harvested from 
time to time during the summer, representatives of all 
stages from the young seedling to the appearance of 
flowers being obtained. The rest, 344 in number, grew to 
maturity and were harvested then. The number of 
leaves,” pods and seeds were counted and dry weight de- 
terminations made of the total bulk of the leaves, of the 
stem system and of the yield of fruit, separate determi- 
nations being recorded for total pods (without seeds) 
and total seeds. From these data, the dry weight of the 
entire plant, of the vegetative shoot and of the repro- 
ductive structures could easily be determined, as well as 
the average weight of leaf, pod and seed for each plant. 
Correlations were then made between the average 
weight of each of these organs, respectively, and the size 
of the plant. The latter was represented either by the 
weight of the shoot (stem plus leaves), the weight of the 
fruit (yield), the number of leaves, the number of pods 
or the number of seeds. 


The coefficients of correlation thus determined are set 
forth in Table I. Eight of these involve the 344 mature 
plants studied and one (the first) involves the 218 im- 
mature plants. Three of the correlation tables on which 
these constants are based—those showing the relation 
between shoot weight and (1) average leaf weight, (2) 
average pod weight and (3) average seed weight in ma- 
ture plants—arc also presented in Tables II, III and IV. 

It will be noted that in every case there is a positive 


2 Very small leaves, less than one third the average size for the plant, 
were not counted. 
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TABLE I 
CoRRELATIONS BETWEEN Bopy SIZE AND AVERAGE OrGAN SIZE 
Dry weight of shoot: Average dry weight of leaf5...... r==-+ .891 + .009 
Dry weight of shoot: Average dry weight of leaf........ r=-+ .769 + .015 
Number of leaves: Average dry weight of leaf......... r=-+ 607 + .023 
Dry weight of shoot: Average dry weight of pod......... r= -+ .301 + .033 
Total weight of fruit: Average dry weight of pod...... r==-+ .460 + .029 
Number of pods: Average dry weight of pods.......... r+ .219 + .035 
Dry weight of shoot: Average dry weight of seed....... r+ .229 + .035 
Total weight of fruit: Average dry weight of seed...... r==-+ .390 + .031 
Number of seeds: Average dry weight of seed.......... r=-+ .180 + .035 


correlation between the average weight of the organ 
studied and the size of the entire plant, however meas- 
ured. This correlation is in most cases rather small in 
amount, but in every instance but one the coefficient is 
more than six times as large as its probable error and 
may therefore be regarded as significant. The coefficients 
are least in the case of the seed, somewhat higher for 
the pod and of considerable magnitude for the leaf, being 
particularly high in the case of the immature plants. 
From these figures, therefore, it might reasonably be 
inferred that there is a significant relation, though a 
small one, between organ size and size of plant in beans, 


TABLE II 


CORRELATION BETWEEN Dry WEIGHT OF SHOOT AND AVERAGE 
Dry WEIGHT oF LEAF 
Dry weight of shoot in grams (Class centers) 
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(For plants below 40 grams in shoot weight, r= + .842 + .013, for 
plants above 40 grams, r=-+ .129 + .067.) 


5 The group of immature plants only. 
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TABLE III 


CORRELATION BETWEEN Dry WEIGHT OF SHOOT AND AVERAGE 
Dry WEIGHT oF Pop 
Dry weight of shoot in grams (Class centers) 


2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 
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r= + 301 + 033 


(For plants below 16 grams in shoot weight, r—=-+ .591+ .043; for 
plants above 16 grams, r= -+ .050 + .044.) 


the larger plants producing larger leaves, pods and seeds 
and vice versa. This conclusion agrees with that of most 
previous workers. 

A more intensive study of the correlation tables, how- 
ever, reveals certain facts which do not harmonize with 
this conclusion, and which suggest that the whole problem 
is somewhat too complicated to be solved merely by de- 
termining such a series of correlation coefficients as 
appear in Table [. A study of the curves connecting the 
means for organ size in the correlation tables from which 
these constants have been derived shows that regression 
is far from linear and that the character of the curve is 
essentially the same in every case. The eight curves for 
the means of organ size on body size in the mature plants 
are shown in Fig. 1. In every ease it is clear that as we 
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Orean 


Bopy Size 


Fia. 1. Curves of the means for organ size on body size in mature plants. 
(1) Leaf weight on shoot weight; (2) leaf weight on number of leaves per 
plant; (3) pod weight on shoot weight; (4) pod weight on yield of fruit; 
(5) pod weight on number of pods per plant; (6) seed weight on shoot weight ; 
(7) seed weight on yield of fruit; seed weight on number of seeds per plant. 
Vertical lines indicate points where division was made into “large” and 
“small” plants. 
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progress from the smaller plants to the larger ones there 
is up to a certain point a marked increase in the average 
organ size for the plant; but that beyond this point the 
curve flattens and thence onward an increase in plant 
size has essentially no effect on the average size of leaf, 


pod or seed. 
TABLE IV 


CORRELATION BETWEEN Dry WEIGHT OF SHOOT AND AVERAGE 


Dry WEIGHT OF SEED 
Dry weight of shoot in grams (Class centers) 
2 61014 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 
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r+ 229+ 0385 
(For plants below 16 grams in shoot weight, r—=-+ .555 + .046; for 
plants above 16 grams, r—=— .030 + .043.) 


There is thus evidently a much higher correlation be- 
tween body size and organ size in small plants than in 
larger ones, and a single correlation coefficient covering 
both groups clearly fails to give an accurate picture of 
the facts. Each of the eight correlations involving the 
mature plants was therefore divided into two parts, one 
including the small plants and one the large ones, the 
line of division coming at approximately the point where 
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the curve of means stops ascending and begins to flatten 
out. This point is marked by a vertical line on each of 
the curves in Fig. 1 and in the same way in Tables II, III 
and IV. The coefficient of correlation was now deter- 
mined both for the group below this point and for the 
group above it—for the small plants and for the large 
ones. The constants thus derived are shown in Table V. 
A study of these figures makes it clear that in the smaller 
plants there is a decided correlation between body size 
and organ size (always exceeding ten times its probable 
error), bit in the larger plants practically none at all.* 
This emphasizes the conclusion drawn from the character 
of the curve of means, namely, that up to a certain point 
increased body size is followed by increased size of organs 
produced, but that beyond this point there is no relation 
between the two. 


N 
— 
< 
SHoot Size 
Fic. 2. Curve of means for leaf weight on shoot weight in immature plants. 


It is of interest to note that in the case of the immature 
plants the curve of means for leaf size rises steadily as 


3It will be noted that very similar results were obtained by Shaw (17) 
in correlating seed size with vine length in peas. 
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plant size increases (Fig. 2), showing no sign of the 
flattening characteristic of the mature plants. 

What reason may we assign in the case of the mature 
plants for this radical difference between large individ- 
uals and small ones? And why, in immature plants, 
should no such difference exist? The suggestion at once 
comes to mind that there may really be no relation be- 
tween body size and organ size in any case, but that 
organ size may be determined, instead, by the size of the 
particular axial growing point from which the organ has 


TABLE V 


CORRELATIONS BETWEEN Bopy SIZE AND AVERAGE ORGAN SIZE IN THE 
ENTIRE GRoUP (OF MATURE PLANTS); IN THE SMALLER PLANTS (THOSE 
BELOW THE VERTICAL LINE IN Fig. 1); AND IN THE LARGER PLANTS (THOSE 
ABOVE THE VERTICAL LINE IN Fie. 1). 


Entire 
Group 


Smaller 
Plants 


Shoot: Average leaf.............. 
Number of leaves: Average leaf.... 
Shoot: Average pod............. 
Total fruit: Average pod......... 
Number of pods: Average pod..... 
Shoot: Average seed............. 
Total fruit: Average seed......... 


+.769+.015 
+.607 +.023 | 
+.301+.033 | 
+.460+.029 | 
+.219+.035 | 
+.229+.035 | 
+.390 +.031 
+.180+.035 


+.842 +.013 
+.665 +.029 
+.591 +.043 
+.652 +.040 
+.486 +.048 
+.555 +.046 
+.559 +.047 
+.509 +.045 


Larger 
Plants 
+.129 +.067 
+.111+.050 
+.050 +.044 
+.279 +.040 
—.083 +.045 
—.030 +.043 
+.206+.041 
— .059 +.045 


Number of seeds: Average seed... . 


developed. It is a matter of common observation that in 
most herbaceous plants the diameter of the newly formed 
stem internodes (and therefore presumably the diameter 
of the terminal growing point which gives rise to the 
primary tissues of the stem) is comparatively small in 
the seedling, but increases slowly as the plant grows 
larger until a presumably optimum diameter is attained 
which is rarely exceeded except in the case of very rank 
and luxuriant shoots.* Further growth of the plant as 
a whole results in an increase in the length and number 
of its stems, but in no inerease in their primary diameter. 
Stem diameter is of course not uniform, many lateral 


4The thickness of these primary tissues of the young stem is of course 
increased later by secondary growth, with which we are not concerned. 
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branches and even the main ones under unfavorable con- 
ditions, or as vegetative growth slackens, being compara- 
tively small; and we know that organ size also varies 
considerably in the individual. The point to be empha- 
sized here is that there tends to be a maximum for the 
primary diameter of the stem which is attained while the 
plant is still fairly small, and which thereafter is nor- 
mally not exceeded, no matter how great the total size of 
the plant body may eventually become. The same rule 
applies of course to woody plants, the twigs of a large 
tree being no thicker, other things being equal, than those 
of a small tree, although both are usually thicker than 
the early axis of the seedling. 

Now if the organs (leaves.and fruits) developed by 
the primary meristem owe the size which they finally 
attain to the size of the growing point from which they 
arise; or if, to put it another way, all the structures 
developed at a given growing point—the stem axis and 
the lateral organs—are correlated with one another in 
size, then the biometrical results which we have set forth 
in our bean plants are readily explicable. The compara- 
tively small plants are, on this supposition, the ones 
which did not attain at maturity sufficient size to have 
arrived at the maximum stem (growing point) diameter ; 
and the smaller the plants, the smaller is their stem diam- 
eter, down to depauperate individuals whose mature 
primary axes are no stouter than those of the seedling. 
In these smaller plants, therefore, the significant cor- 
relation which we observed would naturally be expected 
between organ size (dependent on growing point size) 
and body size (definitely related to growing point size). 
In the case of the larger plants, however (those above 
the point at which the curve of means flattened out), 
where the maximum stem diameter or growing point size 
has already been attained and where, therefore, there is 
no relation between body size and growing point size, it is 
only natural that there should be (as we observed) no 
correlation at all. Furthermore, in the group of imma- 
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ture plants studied, which included everything from seed- 
lings to plants coming into flower, there is naturally a 
very close relation between body size and growing point 
size, since these individuals all belong to that portion of 
the plant’s life history where its primary growing points 
are progressively increasing in diameter, the maximum 
being attained in beans just before the blooming period. 
It would be only natural that in this group of plants in 
which both body size and growing point size are pro- 
gressively rising, there should be a high correlation be- 
tween body size and organ size. 

This hypothesis of a direct relation between the size 
of an organ and the size of the growing point from 
which it arose will evidently explain the facts which we 
have observed in the case of our bean plants. The 
problem now remains to discover a means whereby we 
may determine more directly the soundness of the hy- 
pothesis. The size of an organ can be measured fairly 
accurately either by weighing it or by determining its 
dimensions and computing its volume. To get a meas- 
urement which shall represent at all adequately the size 
of the growing point, however, is a more difficult matter. 
The cross-sectional area of the stem axis which is pro- 
duced from the growing point might be used; but since 
the terminal growing point is of course a primary meri- 
stem entirely and since the early activity of a secondary 
growing point or cambium often affects almost imme- 
diately the diameter of the stem, it is evident that stem 
cross section, particularly in regions very far removed 
from the growing point, can not be counted on as an ac- 
curate indication of growing point size. We can confine 
ourselves to a tissue which is entirely primary in its 
origin, however, and which is not affected by subsequent 
secondary growth if we measure simply the pith. The 
magnitude of the correlation between organ bulk and 
cross-sectional area of the pith of the internode below 
the attachment of the organ might be expected to give 
us a fairly good idea as to whether organ size and grow- 
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ing point size are definitely related to one another or 
not. The organ most readily studied and most clearly 
significant in such a problem is of course the leaf. 

The bean plant is evidently not well suited for such a 
study, since its pith is rather irregular in outline and not 
sharply delimited. The twigs and leaves of the rock 
maple (Acer saccharum), however, on which the writer 
is carrying on some other work, have proven very satis- 
factory for an investigation of this kind. The pith in 
this species is approximately circular in cross section 
and is sharply delimited, and the leaves are of uniform 
and fairly considerable thickness. 

A series of twigs collected during the summer from a 
single tree were studied. The area of the blade was de- 
termined by tracing its outline on standard weight paper, 
eutting this out and weighing the cut-out. Blade thickness 
was measured by a micrometer caliper at two points away 
from the main veins and situated symmetrically on oppo- 
site sides of the midrib, the average of the two measure- 
ments being taken. The product of area X thickness of 
course gives us the blade volume. To determine pith area 
a cross section was cut at the middle of the internode, 
the pith diameter measured in two directions at right 
angles to each other by a micrometer stage, the results 
averaged and the area computed therefrom. 

Total blade volume (the sum of the volumes of the two 
blades borne at a given node) was correlated with the 
cross-sectional area of the pith of the internode below for 
over 100 leaf pairs from this tree, taken from all parts 
of its crown. The results are shown in Table VI. It is 
quite evident from the size of ‘the correlation coefficient 
(+ .807 + .024) that there is an unquestionable relation- 
ship between leaf size and pith area, the size of the leaf 
being governed pretty largely by the stoutness of that 
portion of the twig from which it springs. It would seem, 
therefore, that the size relationships between the struc- 
tures laid down by the terminal meristem persist as these 
structures develop to maturity, these relative sizes re- 
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maining constant regardless of the actual size which is at- 
tained. The terminal growing point, like the animal 
embryo, develops as a symmetrical and interrelated whole. 

Although the size of the leaf thus seems to be closely 
dependent upon that of the growing point, the size of the 
reproductive organs is evidently much less so. We have 


TABLE VI 
CORRELATION BETWEEN THE BLADE VOLUME (IN CUBIC CENTIMETERS) OF 
THE Two LEAVES aT A Nopg, IN Acer SACCHARUM, AND THE Cross SECc- 
TIONAL AREA (IN SQUARE MILLIMETERS) OF THE PITH OF THE INTERNODE 


BELOW. 
Blade volume in cubic centimeters (Class centers) 
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seen that leaves do not reach their maximum size except 
in plants with shoots of about forty grams dry weight or 
more. The maximum pod and seed size, however, is at- 
tained in much smaller plants, usually those in the vicin- 
ity of sixteen grams. In other words, a reduction in the 
size of the growing point is felt much more quickly by 
the leaf than by the fruit. It is only in plants which are 
really depauperate that the fruit and seed size is reduced 
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below the normal. The reason for this may lie in the fact 
that the flower is an independent axis rather than a lat- 
eral organ like the leaf and may therefore be less affected 
by the size of the main axis from which it springs. It is 
well known that flowers are more constant in size and 
other characters and less affected by environmental con- 
ditions than are vegetative organs. 

It should be recognized that in the grasses, where most 
of the work along this line has been done, conditions 
are somewhat different from those in dicotyledons such 
as the bean; since the plant body, or at least each shoot 
or culm, is essentially determinate in growth, with a lim- 
ited number of parts. This may sometimes affect the 
statistical results obtained, but we believe that conditions 
are fundamentally the same in the two groups. It is of 
interest to note the conclusions of Leighty and others, for 
small grains, viz., that the correlations between organ 
size and plant size are considerably higher in small, 
poorly developed plants than in large ones,—a situation 
precisely similar to that which we have reported in beans. 
The whole problem can perhaps be solved best, how- 
ever, by studying such an indeterminate type of plant 
body as is characteristic of the ordinary dicotyledon. 


CoNCLUSIONS 


We may conclude, therefore, that the size of the plant 
body is not the direct causative factor in determining the 
size of the leaves, fruits or seeds which it produces, as 
has been suggested or implied by many investigators, but 
that the size of any given organ depends rather upon 
the size of the growing point out of which it has been 
developed. Any factor, be it age, moisture or food sup- 
ply, which alters the size of the meristem, wil! thus alter 
the size of the organs produced by this meristem. There 
seems to be nothing in these higher plants closely cor- 
responding to the definite organization with which we 
are familiar in the animal individual, where size of body 
is definitely related to size of organs. 
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The present study emphasizes the difficulties lying in 
the path of the investigator who attempts to solve such 
a problem as this merely by determining a single series 
of biometrical constants without taking into account the 
various morphological and physiological factors which 
may be involved. 

SuMMaRY 


1. The problem of the relationship between the size 
of the plant body and the size of the organs it produces 
has been studied by various workers, who find that in 
most cases there is a small but significant correlation 
between these characters. 

2. In a series of bean plants, the coefficients of cor- 
relation were determined between plant size, as meas- 
ured by dry weight of shoot, dry weight of fruit, number 
of leaves, number of pods and number of seeds; and the 
average dry weight per plant of leaf, pod and seed. A 
positive and significant correlation, though usually a 
small one, was found in each case. 

3. An examination of the curve of means for organ 
size on plant size shows that in each case the curve rises 
steeply at first and then flattens out. In other words, 
an increase in the size of the plant is accompanied by 
an increase in the size of its organs if we consider com- 
paratively small plants orly; but after a certain size 
is reached, any further increase in plant size is not 
followed by increase in organ size. Separate correla- 
tions between plant size and organ size made for small 
plants (those below the point where the curve flattens) 
and for large ones (those above it) showed a very de- 
cided correlation in the former and practically none at 
all in the latter. 

4. These facts suggested that the size of an organ may 
not be correlated with body size at all, but rather with 
the size of the axial growing point from which it develops. 
In support of this idea attention is called to the fact 
that during the early stages of a plant’s growth there is 
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up to a certain point a progressive and parallel increase 
in the size of the plant and in the size of the primary 
meristems of its axes; but that after this point is reached 
meristem size remains constant and further increase in 
body size is not accompanied by any increase at all in 
that of the growing point. 

5. Favorable material to test this hypothesis directly 
was afforded by twigs and leaves of Acer saccharum. 
The correlation between the blade volume of a given leaf 
pair and the cross-sectional area of the pith of the in- 
ternode below (used as an index to the size of the grow- 
ing point from which the leaves had developed) was 
found to be high (+ .807 + .024). 

6. It is therefore concluded that the size of a plant 
organ (leaf, fruit or seed) is dependent not upon the 
body size of the plant on which it is borne, but rather 
upon the size of the growing point from which it devel- 


oped. 
BIBLIOGRAPHY 


1, Arny, A. C., and R. J. Garber. Variation and Correlation in Wheat, 
with Special Reference to Weight of Seed Planted. Jour. Agric. 
Research, 14: 359-392, 1918. 

. Ewing, E. C. Correlation of Characters in Corn, Cornell Ezp. Sta. 
Bu'l., 287: 67-100, 1910. 

3. Harris, J. Arthur. On the Correlation between Somatic Characters and 

Fertility. II. Illustrations from Phaseolus vulgaris. Amer. Jour. 
Bot., 1: 398-411, 1914. 

4, ————- A Quantitative Study of the Factors Influencing the Weight 
of the Bean Seed. II. Correlation between Number of Pods per 
Plant and Seed Weight. Bull. Torrey Bot. Club, 43: 485-494, 1916. 

5. Hayes, H. K. Correlation and Inheritance in Nicotiana tabacum. Conn. 
Exp. Sta. Bull. (New Haven), 171: 3-45, 1912. 

6. Hutcheson, T. B., and T. K. Wolfe. Relation between Yield and Ear 

Characters in Corn. Jour. Amer. Soc. Agron., 10: 250-255, 1918. 

. Leighty, C. E. Correlation of Characters in Oats, with Special Refer- 
ence to Breeding. Amer. Breeders Assoc. Rept., 7: 50-61, 1911. 

8, —————. Variation and Correlation of Oats, II. Effect of Differences 

in Environment, Variety and Methods on Biometrical Constants. Cor- 
nell Exp. Sta. Mem., 4, 1914. 

9. Love, H. H. A Study of the Large and Small Grain Question. Amer. 
Breeders Assoc. Rept., 7: 109-118, 1911. 

10. Love, H. H., and C. E. Leighty. Variation and Correlation of Oats, I. 
Studies Showing the Effect of Seasonal Changes on Biometrical Con- 
stants. Cornell Exp. Sta. Mem., 3, 1914. 


bo 


No. 640] BODY SIZE AND ORGAN SIZE 403 


11. Lyon, T. L. Some Correlated Characters in Wheat and their Transmis- 
sion. Amer, Breeders Assoe. Rept., 2: 29-39, 1906. 

12. Myers, C. H. Effect of Fertility upon Variation and Correlation in 
Wheat. Amer. Breeders Assoc. Rept., 7: 61-74, 1911. 

13, Olson, P. J., C. P. Bull and H. K. Hayes. Ear Type Selection and 
Yield in Corn. Minnesota Exp. Sta. Bull., 174, 1918. 

14. Roberts, H. F. Variation and Correlation in Wheat. Amer, Breeders 
Assoc. Rept., 7: 80-109, 1911. 

15. Shaw, J. K. Variation in Apples. Mass. Exp. Sta. Rept., 1910: 
194-2138. 


16. ————— Climatic Adaptations of Apple Varieties. Mass. Exp. Sta. 
Rept., 1911: 177-245. 

17. ————__ Heredity, Correlation and Variation in Garden Peas. Mass. 
Exp. Sta. Rept., 1912: 82-101. 

18. —————_ A Study of Variation in Apples. Mass. Sta. Bul!., 149: 


21-36, 1914. 

19. Stewart, J. P. Factors Influencing Yield, Color, Size and Growth in 
Apples. Penn. Sta. Rept., 1911: 401-511. 

20. Waldron, L. R. A Suggestion Regarding Light and Heavy Grain. 
Amer. Nat., 44: 48-56, 1910. 


DECREASE IN SEXUAL DIMORPHISM OF BAR- 
EYE DROSOPHILA DURING THE COURSE 
OF SELECTION FOR LOW AND HIGH 
FACET NUMBER! 


PROFESSOR CHARLES ZELENY 


UNIVERSITY OF ILLINOIS 


In the bar-eye race of Drosophila the mean eye facet 
number of the males is higher than that of the females, 
though there is an overlapping in range as shown in 
Table I. In the unselected white bar stock used as the 
starting point of a series of selection experiments this 
difference amounted to 6.12 factorial units, a factorial 
unit being one that produces a ten per cent. change in 
facet number. If this value were fairly constant it 
would be possible in treating the selection data statis- 
tically to reduce the facet values of the two sexes to a 
common basis in much the same way that Galton obtained 
a mid-parental value in his studies of the inheritance of 
human stature. Such a procedure was followed by 
Zeleny and Mattoon (1915)? in their paper on selection 
in red bar-eye. In attempting to apply the same method 
to the white bar series it was discovered that the differ- 
ence between the two sexes is not constant but decreases 
during the course of selection. It is therefore not prac- 
ticable to apply a constant coefficient for the reduction of 
the value of one sex to that of the other. 

The selection experiment in question started with a 
white bar stock which had been obtained by crossing 
white full-eye to bar-eye. Single pair, brother and sister, 
matings were adhered to with a few breaks due to steril- 
itv. In the low line the lowest available virgin female 


1 Contribution from the Zoological Laboratory of the University of Illi- 
nois, No. 187. 

2 Zeleny, C., and Mattoon, E. W., 1915, ‘‘The Effect of Selection upon 
the ‘Bar Eye’ Mutant of Drosophila,’’ J. Exp. Zool., 19: 515-529, 
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Fic. 1. Sexual dimorphism in each of the selection generations. Direct mat- 
ings only. The difference between males and females is expressed in factorial 
units, a factor of unit value being one capable of producing a ten per cent. 
change in facet number. In the unselected population this difference amounts to 
6.12 units and in the figure such a value is represented by the upper hori- 
zontal line. <A zero difference between the sexes is represented by the lower 
horizontal line. The scale of departure from equality is shown at the left 
hand and the scale of departure from the original value in the unselected 
population at the right hand. 


was mated to her lowest available brother in each genera- 
tion with duplicate matings to insure the continuation of 
the line. In the same way in the high line the female 
with the highest facet count was mated to her highest 
brother. 

The data as given in the present paper are grouped 
under two heads. In Table II and Fig. 1 are included 
only those individuals in the direct line. In Table III 
and Fig. 2 there are included, in addition, the sib matings 
in each generation. The general results obtained from 
the two groupings are alike, but the data based on all the 
matings give a smoother curve because of the larger 
numbers of individuals involved. 

Table I shows the distribution of frequencies of fac- 
torial values for eye facet number in the unselected 
population of white bar, number 127, which served as the 
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Fic. 2. Sexual dimorphism. All matings. 
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TABLE I 
DISTRIBUTION OF FREQUENCIES FOR FEMALES AND MALES IN THE UNSE- 
LECTED WHITE BAR POPULATION AND IN THE FORTIETH GENERATION 
or Low AND HIGH SELECTION FOR Eve FAceET NUMBER 
Each class has a range equal to ten per cent. of its mean. 


Classes in Factorial Unselected — 
Facets in Each Units | Population ee | High 
g fou fou g 
+12.95 | 
+11.95 | 
+10.95 | ae 
266-293........ +1607. + 9.95 
941-265.......| +15.07 | + 8.95 | 3 | 2 
+14.07 | + 7.95 6 5 
+13.07 + 6.95 | 7 
H7B—=106. 4.2): +12.07 | + 5.95 | | 16 1 20 
+11.07 | + 4.95 | 296 8 21 
146-160....... +10.07 | + 3.95 19 12 14 
139-145. vs + 9.07 | + 2.95 1 34 23 20 
119-131.......| + 8:07 | + 1:95 35 12 2 
+ 7.07 | + 0.95 7 | 338 9 2 
ORNOTs-6decs + 6.07 | — 0.05 11 | 50 4 
89-907. occ. + 5.07 | — 1.05 | 27 | 55 
+ 4.07 | — 2.05 25 37 
+ 3.05 | — 3.05 | 29 | 29 
+ 2.07 | — 4.05 | 51 | 23 
60-65 + 1.07 — 5.05 | - 55 
eS + 0.07 | — 6.05 54 | 18 1 7 
— 093 — 7.05 | 58 | 8 8 3 
44-48 ....... — 1.93 | — 8.05 Sa) 7 19 34 
— 293 47 | 2 33 24 
— 3.93 -10.05 | 40 | 1 21 9 
33-35 .......) — 4.93 | —11.05 15 | 1 2 
— 5.93 | —12.05 9 1 
— 6.93 | —13.05 3 
— 7.93 | —14.05 
— 8.93 | —15.05 | 
7. — 9.93 | —16.05 1 | 
Totals...... | 489 | 441 85 77 69 104 


generation of low and of high selection for eye facet 
number. The column at the extreme left gives the facet 
values of the classes. The second and third columns give 
the factorial values of these classes, a unit of value being 
a difference in germinal or environmental factors which 
produces a ten per cent. change in facet value. The mean 
values of the unselected population are taken as zero and 
in the second column there are given the values on this 
seale for the females and in the third column for the 


basis of the present selection series, and of the fortieth 
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males. It will be noticed that there is considerable varia- 
tion in both females and males, but the mean values as 
represented by the figures in heavy type are a consider- 


TABLE II 
SexuaL DimorpHisM. Direct LINE 
Sexual dimorphism for each of the 42 generations of selection for low 
and high facet number. All values are in ten per cent. factorial units. Such 
a unit is any difference in germinal or environmental factors which produces 
a ten per cent. change in facet number. 


Low Line High Line Difference in 
Generation | Total Change | Total Change | 
Dimorphism | jn Dimorphism  Pimorphism | jn Dimorphism | and Low Lines 

6.12 0.00 6.12 0.00 | 0.00 
384 —2.78 | 2.74 —3.38 | —9.60 
2.25 —3.87 2.36 | | 0.11 
0.95 —5.17 1.54 —4.58 | 0.59 
Ve 1.12 —5.00 1.61 } —4.51 | 0.49 
2.20 —3.92 4.89 —1.23 | 2.69 
2.61 —3.51 2.13 —3.99 —0.48 
liste 3.26 —2.86 3.82 —2:30 | 0.56 
Secoc% 0.92 —5.20 4.17 —1.95 3.25 
0.69 —5.43 4.74 | —1.38 4.05 
0.48 —5.64 4.17 | —1.95 3.69 
27 —3.95 3.38 | —2.74 1.21 
1.49 —4.63 5.28 —0.84 3.79 
1.20 —4.92 3.20 | —2.92 2.00 
1.67 —4.45 3.22 —2.90 1.55 
or 1.26 —4.86 2.41 | —3.71 1.15 
0.21 —5.91 2.16 | —3.96 1.95 
117 1.13 —4.99 3:33 | —2.79 2.20 
| 1.51 | 4.29 —1.83 2.78 
| 0.78 —5.34 2.31 | —3.81 1.53 
| 0.55 —5.57 2.45 | 1.90 
| | 0.59 —5.53 3.58 | 2.99 
22 | 1.08 —5.04 | 0.79 —=a8 —0.29 
| 1.38 —4.74 —— — 
| S17 —2.95 | 1.87 | —4.25 | —1.30 
| 1.05 -5.07 | 218 | | 1.13 
0.61 —5.51 0.57 | —5.55 | —0.04 
| 1.14 -—5.98 | 2.19 —3.93 | 1.05 
98... | 1.35 124 | -488 | 
0.75 —5.37 | 1.46 —4.66 | 0.71 
BO... 1.04 —5.08 | 1.40 | —4.72 | 0.36 
| 1.07 —5.05 | 2.29 
1.01 —5.11 1.46 —4.66 0.45 
1.03 —5.09 | 2.67 —3.45 | 1.64 
2.75 | 4.11 —2.01 1.36 
a 0.83 —5.29 | 3.22 —2.90 2.39 
| 2.10 —4.02 | 2.13 0.03 
| 0.71 —5.41 1.79 —4.33 | 1.08 
eee 2.53 2.08 —4.04 ~0.45 
40. .... | 0.26 2.20 —3.92 1.94 
0.95 1.93 —4.19 0.98 
AD 1.37 3.24 —2.88 1.87 
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able distance apart, six class units or, to be more exact, 
6.12 as stated in the first paragraph. In both low and 
high selection lines it is to be noticed that the variability 
has decreased and at the same time the mean values of 
females and males have approached each other. This 
approach is greater in the low than in the high line. 

Tables II and III give the sexual dimorphism for the 
parental unselected generation and for each of the 42 
generations of selection. Each table includes, for both 
low and high lines, the value of the dimorphism for each 
generation and the decrease since the beginning of selec- 
tion. In the last column of each table there is a com- 
parison of the dimorphisms in the two selection lines. 
Table II ineludes only the offspring in the direct line. 
Table III gives the data for the same series, but includes 
sib matings as well as those in the direct line. 

Figures 1 and 2 show the decrease in graphic form. 
The vertical scale is in factorial units as described above. 
The upper horizontal line is at the level of the dimor- 
phism value of the unselected population, which is 6.12 
units in favor of the males. The lower horizontal line 
indicates the position of zero difference between the 
sexes. The scale at the left gives the actual dimorphism 
values and the seale at the right the departures from the 
original value. The continuous zigzag line gives the 
values for each generation in the low selection series and 
the dotted line those in the high selection series. Special 
emphasis is to be laid on the fact that selection was not 
for low or high sexual dimorphism, but for low or high 
facet number regardless of dimorphism. In no sense can 
it be considered as a direct selection for degree of 
dimorphism. 

The result obtained when the offspring of all matings 
are taken (Fig. 2) is not essentially different from that 
obtained in the direct line. Since it gives the smoother 
curve because of the larger number of individuals it will 
be used as the basis of the following discussion. 

In the low selection line the dimorphism drops very 
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rapidly from its original value of 6.12 units to 1.12 in the 
fourth generation. From that point on it shows some 
increase and fluctuates irregularly for a number of gen- 


TABLE III 
SexuaL DimorPHIsM. ALL MATINGS 
Sexual dimorphism for each of the 42 generations of selection for low 
and high facet number. All values are in ten per cent, factorial units. Such 


a unit is any difference in germinal or environmental factors which produces 
a ten per cent. change in facet number. 


Low Line High Line Difference in 

loneration betweck 

Dimorphism Dimomhism and Low Lines 

| 

6.12 0.00 6.12 0.00 0.00 
= 3.34 —2.78 2.76 —3.36 —0.58 
1.95 —4.17 1.78 —4.34 —0.17 
1.63 —4.49 1.45 —4.67 —0.18 
Ricans 1.12 —5.00 1.72 —4.40 0.60 
&.....| 2.90 —3.92 3.47 —2.65 1.27 
6.....| —4.06 2.44 —3.68 0.38 
ae 3.36 —2.76 3.70 —2.42 0.34 
ae 0.84 —5.28 3.87 —2.25 3.03 
0.68 —5.44 3.35 —2.77 2.67 
icc: 0.98 —5.14 3.64 —2.48 2.66 
199 | 3.29 —2.83 1.30 
ee 1.28 —4.84 4.74 —1.38 3.46 
1.88 —4,24 3.20 —2.92 1.32 
14.....1 0.43 —5.69 3.42 —2.70 2.99 
15.....| 1.42 —4.70 2.44 —3.68 1.02 
= 0.31 —5.81 2.80 —3.32 2.49 
ee 0.61 —5.51 3.19 —2.93 2.58 
_ ee 1.07 —5.05 4.29 —1.83 3.22 
0.81 —5.31 2.31 —3.81 1.50 
20.....| 0.33 —5.79 2.66 —3.46 2.33 
a 0.33 —5.79 3.70 —2.42 3.37 
22....., 0.92 —5.20 3.72 —2.40 2.80 
142 —4.70 3.33 —2.79 1.91 
oe 2.23 —3.89 2.97 —3.15 0.74 
0.83 —5.29 271 —3.41 1.88 
126 | -486 | —4.41 0.45 
0.75 —5.37 | 2.15 —3.97 1.40 
1.30 —482 | 1.07 —5.05 —0.23 
29..... 0.94 —5.18 | 122 | 0.28 
ae 0.89 —5.23 1.32 —4.80 0.43 
1.23 —4.89 1.79 —4.33 0.56 
0.69 —5.43 1.60 —4.52 0.91 
ae 1.55 —4.57 1.78 —4.34 0.23 
34..... 1.00 —5.12 2.51 —3.61 1.51 
ae 1.84 —4.28 2.68 —3.44 0.84 
36... 0.86 —5.26 2.58 —3.54 1.72 
1.61 —4.51 2.44 —3.68 0.83 
0.71 2.01 —4.11 1.31 
ces 1.75 —4.37 2.03 —4.09 | 0.28 
ee 0.56 —5.56 2.32 -3.80 | 1.76 
0.77 —5.35 190 | 4.22 1.13 
42..... 1.37 —4.75 3.24 —2.88 1.87 
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erations, but eventually settles down to a value not far 
from 1.00. This last value may therefore be taken as 
the normal dimorphism in a homozygous low bar popu- 
lation. 

In the high selection line there is a similar rapid de- 
cline, in this case from 6.12 in the parental generation to 
1.45 in the third selection generation. There is then a 
pronounced inerease and fluctuation between 2.00 and 
4.00 from the fifth to the twenty-third generation. After 
a second general decline the value remains for most of 
the time between 1.00 and 2.50. 

While the general course of the curves is the same in 
the two cases, the low selection line is the more consistent - 
and reaches the lower level. 

The probable explanation of the deerease in dimor- 
phism in both selection lines is to be sought in the fact 
that some of the accessory factors affecting facet number 
are sex-linked. The unselected population is a mixed one 
and accordingly has a considerable degree of hetero- 
zygosis for these factors in the females. One of the 
results of selection for facet number with inbreeding is 
a decrease in this heterozygosis, leaving the females 
homozygous for low facet factors in the low line and for 
high facet factors in the high line. As long as the popu- 
lation is homozygous it is probable that the degree of 
dimorphism does not change to any great extent because 
there is no disturbance of the factorial proportions. An 
increase on one side is accompanied by a proportionate 
increase on the other. The same would be true as far 
as the heterozygous females are concerned if the domi- 
nanee of low and high factors were alike. If, however, 
the factors for low facet number have a higher dominance 
coefficient than those for high facet number it follows 
that selection as practised will produce a decrease in 
dimorphism. That this will be true in both low and high 
lines is made clear by the consideration that hetero- 
zygous females under the stated condition must be lower 
than the average of the homozygous ones in the same 
population. When these heterozygotes are eliminated 
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by selection it follows that the mean value of the females 
approaches that of the males. 

The explanation for the general decrease seems clear 
enough, but the reasons for some of the details are not 
so evident. The dimorphism in the high selection line 
is higher than that in the low selection line in nearly 
every generation. In part this difference may be due 
to a faulty method of determination of the dimorphism 
value. If degree of dimorphism were expressed in 
facet numbers the high line would of course have a 
much greater difference between the sexes than the 
low line. The faetorial unit method with its loga- 
rithmie seale based primarily upon the observed ef- 
fects of temperature is undoubtedly a much better one 
than that based upon the unreduced facet numbers, 
though a simple ratio between the facet numbers of the 
two sexes might have served equally well in the present 
ease.’ But the correction is only an approximation and 
may not be great enough to obtain the most rational 
value. 

In part, however, the difference between the two lines 
may be due to the greater frequency of appearance of 
mutant accessory factors in the high than in the low line. 
Such factors introduce a new heterozygosis and therefore 
increased dimorphism which is eliminated only by later 
selection. That such mutants appear is evidenced by in- 
crease in standard deviation. 

The appearance of mutants and their prompt elimina- 
tion by selection may account also for some of the irregu- 
lar fluctuations as observed in both lines. It is possible, 
however, that environmental factors may exercise a dif- 
ferential effect and thereby change the dimorphism. In 
favor of this view it may be pointed out that there is some 
tendency for the values in the low and high lines to fluetu- 
ate together and this may be explained by the fact that 
the food cultures of the two. lines in any generation were 
usually made up from the same food mass. 


3 Zeleny, C., 1920, ‘‘The Tabulation of Factorial Values,’’? Amer. NaAt., 
54: 358-362. 


DATA CONCERNING LINKAGE IN MICE 


W. L. WACHTER 


Bussey Institution 


In exploiting the genetics of any plant or animal it is 
of great importance to breed intensively and extensively 
until the genetic material is exhausted. Even after the 
dominance or recessiveness of a certain gene has been 
established, there yet remain to be determined the rela- 
tionships between this and other genes known to consti- 
tute the hereditary complex of that particular plant or 
animal. These possible relationships are allelomorphie, 
independent, or linked. Mendel was able to formulate 
certain laws of heredity from the data he obtained in his 
breeding experiments; but had he continued his work to 
include other factors he would undoubtedly have been 
led to predict or formulate a theory of linkage. The 
chromosome theory of heredity involves independent in- 
heritance of genes which lie in different chromosomes no 
less than linked inheritance of those which lie in the 
same chromosome. It is equally important in relation 
to this theory to know whether two genes are linked or 
not linked. 

A very meager amount of linkage has so far been found 
in mammals. Cases have thus far been observed only in 
rabbits, rats, and mice. In rabbits Castle (1920) has 
recently shown that there is a probable linkage between 
the factors for dilution and the English type of spotting. 
In rats Castle and Wright (1915), and Castle (1919), 
had previously shown albinism, red-eye, and pink-eye to 
be included in the same linkage system. In mice the 
genes for pink-eye and albinism were first shown to be 
linked by the work of Darbishire (1904), as was pointed 
out by Haldane, Sprunt, and Haldane (1915), who con- 
firmed the idea by observations of their own. 
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A great amount of data has been obtained by breeding 
the house mouse. Yet a further intensive study is desir- 
able of the mutant characters discovered, especially as 
regards linkage, for from such study alone can be de- 
duced the probable localization of the genes in the chro- 
mosomes. According to Harvey (1920), the number of 
chromosomes in the gametes of the house mouse has been 
estimated by different observers at from 8 to 30, the 
more recent observers placing the number at from 20 to 
24. One of these is probably a sex chromosome which is 
heterozygous in the male and homozygous in the female. 
In this sex chromosome is apparently located the lethal 
gene of the Japanese waltzing mouse reported by Little 
(1920). In one autosome are located the linked genes 
for pink-eye and albinism. In another autosome must 
be located the gene for agouti and its allelomorphs, non- 
agouti, light-bellied agouti, and yellow; to a third auto- 
some is referred piebald spotting; to a fourth, black- 
eyed-white spotting; while dilution and its allelomorph, 
intensity, will probably have to be referred to a sixth 
autosomal group. ‘hus seven of the twenty or more 
chromosomes are genetically identified, leaving thirteen 
or more yet to be identified with visible characters or 
mutations yet to be discovered. 

Among modifying genes in mice, Little (1915) and 
Dunn (1920) have shown that the ‘‘blaze’’ or ‘‘white- 
face’’ variation which modifies the piebald pattern is 
heritable. Dunn (1920) also reports a ‘‘belly-spot’’ te 
segregate independently of self and piebald, though ap- 
parent only in animals heterozygous for self and piebald. 
General modifying factors, increasing or decreasing the 
area of pigment in the black-eyed-white and piebald pat- 
terns, are also heritable. Very little is known at the 
present time concerning these modifying factors, and 
nothing about their linkage relations. 


414 THE AMERICAN NATURALIST [Vor. LV 


Tue Revation or Acoutt to PIEBALD 


Dunn’s (1920) data on the cross, agouti X piebald, in- 
dicated a cross-over percentage, between the genes for 
agouti and piebald, of only 46.23 + 1.20, in a total of 785 
young produced by a back cross of F, animals to the 
double recessive, non-agouti piebald. This shows a de- 
viation of 3.77 per cent. from the normal 50 per cent. 
value expected if the genes for agouti and piebald assort 
independently. This deviation is barely more than three 
times the probable error. The data were also taken 
incidentally from crosses in which the primary object 
was to ascertain the relationship between the genes for 
pink-eye and piebald. This may have influenced the final 
result in some way, such as less attention being placed on 
the discrimination of agouti. Therefore further data 
seemed especially desirable on this relationship. 

All later crosses were made with reference only to the 
agouti and piebald factors. The original matings were 
all for coupling, the cross being agouti self X non-agouti 
piebald (AASS X aass). The F, animals were hetero- 
zygous for the two factors (AaSs). Such animals should 
form four classes of gametes (1) AS, (2) As, (38) a8, 
(4) as. If the two genes are independent, these classes 
should be equal in number; if linked, classes (1) and (4) 
should be in excess. When such F, animals are back 
crossed to the double recessive, non-agouti piebald, the 
distribution is obtained which is shown in Table I oppo- 
site ‘‘new data.’’ 

TABLE I 
RESULTS OF A BACK CROSS BETWEEN F, AGOUTI SELF MICE (FROM AGOUTI 
SeLF, AS, X NON-AGOUTI PIEBALD, as) AND NON-AGOUTI PIEBALD 


| | Cross-over 
aS as | Ce 
A AS u u | Total Per Cent. 


Dunn’s data....... Obs. | 221 183 200 | 

Exp. 195.75. 195.75 195.75 | 195.75 | 

New data......... Obs. 112 102 110 (108 | 432 | 49.07 + 1.61 
Exp. 108 108 108 108 | 


783 | 46.23 + 1.20 


Combined data .... Obs. | 333 281 293 308 1,215 47.25 + 0.96 
Exp. | 303.75 303.75 303.75 303.75 
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The distribution of the new and more critical data is 
excellent and excludes any interpretation of linkage be- 
tween the two genes A and s. The cross-over classes, 
consisting of agouti piebald and non-agouti self, together 
number 212. This is 49.07 + 1.61 per cent. of the total 
number of young raised, viz., 482, and the deviation is 
less than one per cent. from the cross-over value ex- 
pected in independent assortment, which result is well 
within the probable error, + 1.61. 

Combining Dunn’s data with the new data gives a 
larger number of animals on which to base conclusions. 
Also, any slight. deviation from the normal independent 
segregation due to random sampling will tend to disap- 
pear when larger numbers are involved. On the other 
hand, a small excess of the non-cross-over class, if it con- 
sistently appears in both sets of data, must be considered 
significant, should it be more than three times the prob- 
able error. The combined data are shown in the lower 
lines of Table I. Here the cross-over classes consist of 
agouti piebald and non-agouti self, and inelude 574 indi- 
viduals. This is 47.25 per cent. of the 1,215 animals 
‘aised, and has a probable error of + 0.96. The devia- 
tion of the cross-over value from the 50 per cent. value 
expected in independent assortment is 2.75 a figure within 
the range of three times the probable error (+ 2.88). 
The new data and the combined data agree in showing 
that the two genes are independent. 


Tue Revation oF BLACK-EYED-WHITE SPOTTING TO AGOUTI 


In this section will be presented further data on the 
relation of black-eyed-white spotting to agouti. It is to 
be expected that these genes should show no linkage. 
Little (1912 and 1917) demonstrated the independence 
of yellow in relation to black-eyed-white. Since yellow, 
agouti, light-bellied agouti, and non-agouti are multiple 
allelomorphs, black-eyed-white and agouti should show 
the same relation to each other as black-eyed-white and 
yellow. Yet no direct crosses had been made to test the 
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point prior to the beginning of this work, and the data 
obtained will, therefore, have value. 

Reciprocal matings were made. In the coupling series 
agouti black-eyed-whites (AAWwss) were crossed with 
non-agouti piebalds (aawwss). Since both parents were 
homozygous for piebald (ss), that symbol may be omitted 
hereafter. The F’, agouti black-eyed-white young (AaWw) 
were back-crossed to the double recessive (aaww). The 
distribution obtained is shown in the coupling series of 
Table II to the right of ‘‘new data.’’ There is an ap- 
parent excess of black-eyed-whites and agoutis, perhaps 
due to random sampling and inexperienced grading of 
some individuals. But this excess is distributed between 
both the cross-over and the non-cross-over classes, which 
consequently are not affected, the numbers being 176, 
186. This gives a cross-over percentage of 48.61 + 1.90. 


TABLE II 


Back CROSSES BETWEEN F, AGouTI BLACK-EYED-WHITE MIcE (AaWw) AND 
THE DOUBLE RECESSIVE, NON-AGOUTI PIEBALD (aaww) 


| | Cross-over 


Test for Data AW Aw aw | aw Total Per Cent. 
Coupling..| Dunn’s data) Obs. | 36 | 22 22 | 34 114 (38.59 + 3.96 
Exp. | 28.5 | 28.5) 28.5] 28.5 


New data...) Obs. | 114 | 90 86 72 362 48.61 + 1.76 
Exp. | 90.5! 90.5 90.5) 90.5 

Combined... Obs. | 150 =| 112 108 | 106 476 46.21 + 1.53 
Exp. | 119 | 119 119 | 119 


Repulsion.. Dunn’s data) Obs.!| 77 76 76 | 77 306 50.32 + 1.92 
| Exp. | 76.5! 76. 76.5 : 
Obs. | 28 27 25 32 112 53.57 + 3.17 
| Exp. | 28 28 28 28 
New data...| Obs. | 50 69 | 52 | 59 230 (47.39 + 2.21 
Exp. | 57.5 | 57.! 57.5 | 57.5 
Combined ..) Obs. | 155 172 153 | 168 648 49.84 + 1.32 
Exp. | 162 162 162 | 162 


or 


Cross-overs Non cross- 


overs 
Coupling Dunn’s data! Obs. 258 274 532 48.49 + 1.45 
and re- | Exp. 266 266 
pulsion New data...) Obs. 285 307 592 48.14 + 1.38 
Exp. 296 | 296 
combined Combined ..| Ohs. 543 581 1124 48.30 + 1.00 
| Exp. 562 562 | 


respectively. 


1The cross-over and non-cross-over classes were given as 154 and 152, 
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The deviation from the normal distribution is less than 
the probable error and therefore not significant. 

In the repulsion series the genes for agouti and black- 
eyed-white entered separately into the F', zygote. When 
back crossed these agouti black-eyed-white young gave 
the distribution recorded in the repulsion series of Table 
II opposite ‘‘new data.’’ Here the cross-overs number 
109, and the non-eross-overs 121, whereas equal numbers 
are expected. This is a fair distribution for the small 
numbers raised. Combining the new data on the recipro- 
cal crosses gives 285 cross-overs, or 48.14 per cent. of the 
592 young raised, with a probable error of + 1.38. 

Combining Dunn’s data with the new data, there are 
543 and 581 animals in the cross-over and non-cross-over 
classes, respectively. The cross-over percentage is 48.50 
+1,00. The deviation from the normal distribution is 
less than twice the probable error. The data, separately 
and combined, clearly show the independence of the two 
genes. 


Tue RELATION oF BLACK-EYED-WHITE SPOTTING TO 
Pinx-Eyve 


Previous work by Haldane et al. has shown pink-eye 
to be linked with albinism. Detlefsen (1916) deseribed 
black-eyed-white mice carrying pink-eye, which resembled 
albinos, but the genes segregated in the second genera- 
tion. No back-crosses were made in his experiments. 
No direct intensive crosses hitherto published have dealt 
with the possible linkage relation between these genes. 

In a cross made for such a study, the genes for black- 
eyed-white spotting and pink-eye entered separately. 
Accordingly the F, gametes should give equal numbers 
of the parental non-cross-over types (WP and wp), and 
of the new cross-over combinations (Wp and wP), if the 
genes W and p are independent. If linked, they should, 
in the back-eross, show repulsion and the former combi- 
nations be in excess of the latter. In Table III oppo- 
site ‘‘new data’’ of the repulsion series is shown the dis- 


_ 
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tribution of the young obtained when F, black-eyed- 
whites from the above cross were mated with pink-eyed 
piebalds, the double recessives. The cross-over classes 
number 134, or 46.68 + 1.99 per cent. of the total 281 ani- 
mals raised. The deviation from the distribution ex- 
pected is within the probable error and indicates inde- 
pendent segregation. 

The reciprocal cross was also made in which the two 
genes entered. together in the same parent. The F, 
gametes should again consist of equal numbers of two 
classes, WP and wp (the cross-overs), and wP and Wp 
(the non-cross-overs), if independent segregation occurs. 
If linkage is shown, the latter class should be larger. 
The actual distribution is shown in Table III opposite 
‘‘new data’’ of the coupling series. The agreement with 
expectation is poor due to small numbers (77). But since 
the cross-overs exceed the non-cross-overs, it is clear that 
no linkage exists. The cross-over per cent. is large 
(59.74 + 3.77), but the deviation is still less than three 
times the probable error. By combining both coupling 
and repulsion results recorded in the ‘new data, a total 
of 358 animals is obtained, of which 180 are cross-overs. 
This gives a cross-over percentage of 50.27+1.78. The 
deviation from the normal distribution is 0.27 per cent., 
a figure well within the probable error. 

These crosses, as well as Dunn’s, show consistently 
the independence of the black-eyed-white and pink-eye 
genes. Further evidence may be had by adding together 
the cross-over and non-cross-over classes of the two sets 
of data as shown in Table III. The cross-overs number 
330 and constitute 51.48 + 1.32 per cent. of the total 641 
animals raised. The deviation from the expected dis- 
tribution is 1.48 and not significant. The number of 
young raised does not equal that of other crosses, for 
the consistency with which these data, in agreement with 
Detlefsen’s observations, show the independence of the 
two genes, warranted the discontinuance of further 
breeding. 
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TABLE IIL 


BACK CROSS BETWEEN F, BLACK-EYED-WHITE, HETEROZYGOUS FOR p AND W, 
AND THE DOUBLE RECESSIVE, PINK-EyYED PIEBALD (wwpp) 


Series | Data | PW Pw pW | pw Total Cross-over Pct. 
Coupling.. Dunn’s data! Obs. | 20 11 9 |19 | 59 66.10+4.14 
Exp. | 14.75 14.75) 14.75) 14.75 | 
Obs. | 21 17 21 } 21 SO 52.50 + 3.76 
Exp. | 20 20 20 20 


Obs. 19 20 11 27) «| 77 59.74 43.77 
Exp. | 19.25 19.25) 19.25| 19.25) 
Obs. 60 | 48 | 41 67 | 216 63.42 + 2.23 
Exp. 54 54 54 54 


New data... 


Combined .. 


Repulsion.. Dunn’s data’ Obs. | 16 21 22 23 | 82 52.43 + 3.70 
Exp. | 20.5 | 20.5 | 20.5 | 20.5 

Obs. 18 14 12 18 | 62 41.90 + 4.22 
Exp. | 15.5 | 15.5 | 15.5 | 15.5 

New data...) Obs. | 75 62 72 72 218 47.68 + 1.99 


Exp. | 70.25} 70.25!) 70.25} 70.25} 
Combined Obs. |109 97 106 1113 


425 47.76 + 1.63 
Exp. |106.25 106.25 |106.25 |106.25 


| 

| | 
Coupling | Cross-overs | Non-cross- | 


and | | overs | 
repulsion} Dunn’s data Obs. 150 133 283 53.04 + 1.99 
Exp. 141.5 141.5 
New data... Obs. | 180 178 358 |50.27 + 1.78 
Exp. 179 } 179 
Combined ... Obs. | 330 | 311 641 {51.48 + 1.32 
Exp. 320.5 | 320.5 | 
SUMMARY 


In agreement with the views of previous investiga- 
tors, it is shown by new and conclusive experimental 
data that the following pairs of genes in mice assort in- 
dependently and are not linked. On the chromosome 
hypothesis, the members of each pair are located in dif- 
ferent chromosomes: (1) the genes for agouti (A) and 
for piebald spotting (s); (2) the genes for agouti (A) 
and for black-eyed-white spotting (W); (3) the genes 
for pink-eye (p) and for black-eyed-white spotting (W). 
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SHORT EARS AN AUTOSOMAL MUTATION IN 
THE HOUSE MOUSE* 


CLARA J. LYNCH 


INTRODUCTION 


ALTHovuGH the house mouse has been one of the favorite 
mammals used for the collection of Mendelian data, the 
number of known loci falls far short of the number of 
chromosomes observed in the germ cells of this species. 
Therefore, any addition to the list of Mendelian char- 
acters in this form should be a matter of interest to the 
geneticist. 

For several years, mice with unusually small ears have 
been known to exist, but, I believe, no description of the 
variation has been reported in the literature. The ster- 
ility exhibited by many of the individuals used in the 
following experiments has hindered the collection of data 
so that the amount is not large, but it has seemed advisable 
to put on record the results thus far obtained. 

The data are based upon observations made at the 
earliest stage at which it was possible to distinguish with 
accuracy between the long- and short-eared types. De- 
pletion of litters occurring previous to that time was dis- 
regarded. 

DESCRIPTION OF THE CHARACTER 


The mutation was found in stock which originally came 
from the Lathrop mouse farm and consists in a noticeable 
difference in the size of the ear. The pinna is about one 
half as long as that of the normal ear and usually one or 
two millimeters less broad but the position in which it is 
held lying close to the head makes it appear smaller than 
it actually is. In outline it is less regularly curved than 
the normal, a flattening near the tip of the ear and one in 

1 Received for publication from the Rockefeller Institute for Medical 
Research. 
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“ 


short ears.” 
B. An F, hybrid from a cross between a short-eared and a long-eared mouse. 
Ears similar to normal. 


A. Mouse showing the mutation 


the outer margin being fairly constant features. It is 
usually thick and rather fleshy in appearance. The dis- 
tribution of hair on the surface of the ear is similar to 
the normal. 
IXXPERIMENTAL INVESTIGATION 

The Mutant Out-crossed.—The first two experiments 
showed immediately that the character ‘‘ short ears ’’ is 
recessive and that it is not sex-linked. Seven crosses 
were made between short-eared males and a number of 
long-eared females which were taken from sources other 
than the Lathrop stock or from Lathrop strains which 


fA 
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had never been known to produce any short-eared mice. 
In the F, there appeared seventeen young of which ten 
were males and seven females (Table I). The ears of all 


TABLE I 


SHORT-EARED “MALES CROSSED TO LONG-EARED FEMALES 


Mating Fi Long 

Total 10 


these mice were long—in fact, indistinguishable from the 
ears of normal mice. In the reciprocal cross, where the 
male parent was long-eared and the female short, the 
offspring were again all long-eared and also comprised 
members of both sexes. The numbers obtained in the 
second case (mating 1790, 1 male and 2 females) are very 
small,- partly owing to an unusual amount of destruction 
of the young which happened to occur in this type of 
eross, but they indicate that sex-linkage is not involved. 
Were the gene for short ears located in the sex chromo- 
some, ‘‘ criss-cross ’’ inheritance would result from this 
mating and the sons would resemble the female parent 
and the daughters would be like the male parent since 
the sons would receive their single X chromosome carry- 
ing the short-ear gene from their short-eared mother, 
while the daughters would receive one X containing the 
short-ear gene from the mother, and the other X carrying 
the dominant long-ear gene from the father. This event 
was not realized—both sexes were of the same type, 
showing that both kinds of sperm formed by the long- 
eared father, whether they were male-producing or female- 
producing, ¢arried. the normal allelomorph of the gene 
for short ears and determined the appearance of the 
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long-eared F', individuals. Since it occurred in both 
types of sperm the short-ear gene must be located in one 
of the autosomes. 

The Back-cross—The back-cross’ between long-eared 
mice, heterozygous for short ears and short-eared mice, 
gave 51 long-eared animals to 48 with short ears (the 
sums of the figures in Tables II and III). On the assump- 


TABLE II 


Back-cross. HETEROZYGOUS a MALES CROSSED TO SHORT-EARED FEMALES 


| Long Short 


Sex Not Sex Not 
Recorded oo’ | 99 Recorded 
1656-B..... 
1656-RH..... j 2 
10 ig 6 8 2 + 


tion that the character is due to one gene, the expected 
back-cross ratio is 1:1. In a total of 94, the expectation 
for the two classes would be 47 : 47. The actual numbers 
obtained fit the calculated sufficiently well to justify the 
conclusion that short ears depend upon a single pair of 
genes. 

In conformity with the results of the first test, the back- 
cross also shows that there is no sex-linkage concerned 
in the transmission of the new character. The long-eared 
F, males (obtained by crossing normal females with 
short-eared males) were bred to short-eared females. If 
the new gene were sex-linked, the F, male would have but 
one ‘‘ dose’’ of the allelomorph long ears. It would be 
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TABLE III 
BackK-cross. HETEROZYGOUS 7. FEMALES CROSSED TO SHORT-EARED MALES 
Long Short 
Mating 
| Sex Not Sex Not 
| 292) Recorded | Recorded 
1 1 1 1 1 2 
i 14 3 10 13 6 


carried by the single X chromosome and distributed only 
to his daughters, which would have long ears. His sons 
would not receive it; therefore they all would be short- 
eared like the maternal parent. 

The offspring from this cross are listed in Table II. 
In a few cases the mice escaped or were destroved by the 
parents before the sex was recorded. There were, in ad- 


TABLE IV 
HETEROZYGOUS LONG-EARED MALES ‘By HETEROZYGOUS LONG-EARED FEMALES 
Mating Long Short 
Total 11 
TABLE V 
SHORT-EARED MALES By SHORT-EARED FEMALES 
Mating Short J) of Short 9 Q 


i] 
Total 
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dition, ten males and seven females which had long ears 
and eight males and two females with short ears. The 
appearance of individuals of each sex in each class shows 
that the gene must not be carried by the X chromosome. 

The First Filial Generation Inbred.—A very small 
number of mice were obtained from inbreeding the long- 
eared heterozygous F, offspring. These gave, in the F,, 
11 long to 6 short (Table IV). In a total of 17 individ- 
uals on a one-factor basis, the numbers calculated for a 
3:1 ratio would be 12.75 to 4.25. The results are con- 
sistent with our previous conclusion as to the number of 
genes involved. 

The Inbred Recessive.—The test of the inbred reces- 
sive demonstrates that the character breeds true. Three 
matings between short-eared males and females have 
yielded 13 young, all with short ears (Table V). 


CoNncLUSION 


The data given above show that the mutation ‘‘ short 
ears’’ which appears as a perfectly definite and easily 


distinguishable character in mice behaves as a recessive 
and is dependent upon a single gene which is not sex- 
linked. Other possible linkage relationships have not yet 
been worked out. 


VARIATION AND HEREDITY IN LUPINUS 


DR. LEONAS L. BURLINGAME 


Sranrorp University, Cat. 


THE great majority of genetic investigations have been 
carried on with domesticated plants that have been long 
under cultivation. There are, of course, many entirely 
good reasons for this fact. It has, however, always 
seemed to the author that the principles of genetics 
might, perhaps, be more successfully approached by be- 
ginning with wild plants. For this reason he has been 
bringing into the garden during the past several years a 
considerable number of wild species which appeared to 
offer desirable material for experimentation. 

His attention was first directed to Lupinus through the 
difficulties that appeared to beset the systematist in arriv- 
ing at a satisfactory classification of the species. It 
seemed possible that the difficulty might be due to the fact 
that the species are of recent origin and, so, very close to- 
gether. Under the circumstances that a genus is either 
now or has recently been in a mutable state it would 
seem likely that natural selection would not yet have had 
time to weed out all the forms doomed to perish through 
lack of adaptation or insufficient vigor. 

While discussing this question one of his colleagues 
mentioned the fact that the form recently (1911) de- 
seribed under the name of Lupinus pipersmithii Heller 
(5) grows near and that it sometimes has pink flowers. 
An investigation during the spring of 1914 not only con- 
firmed this statement, but also showed that pink flowers 
are not uncommon in two closely related species—L. val- 
licola apricus (Greene) (4) and ZL. nanus Dougl. (7). 
These three species are all close to one another but ap- 
parently satisfactorily separable by the systematist. 
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This will be clear from the parallel descriptions given 
below. That each of the species may produce variant 
types with some characters of the others will appear in 
our further discussion. 


L. pipersmithti Heller 


Annual 

Somewhat pubescent 
below with white hairs, 
densely so above, espe- 
cially so in the inflo- 
rescences, 


Branches several from 
the base, 40 em. high, 
straw colored, rather 
prominently ridged. 

Petioles slender, about 
5 em, long or uppermost 
somewhat shorter. 

Leaflets about 8.2 em. 
long, 2 mm. wide above 
gradually tapering to the 
base, apex slightly nar- 
rowed and acutish, spar- 
ingly appressed pubes- 
cent above, more so be- 
neath, light green in 
color. 

Stipules subulate, 
grecn, 6-7 mm. long. 

Peduncles 5 em. long, 
or less, the inflorescence 
about the same length. 

Flowers in 3 or 4 
whorls, the internodes ex- 
cept the uppermost 
longer than the flowers. 


Bracts subulate, 4 mm. 
long, caducous. 

Pedicels 4 mm. long, 
slender, villous with short 
white hairs. 


Calyx white villous but 
the green showing under- 
neath; upper lip long, 
parted for nearly 3 mm., 
the lobes lanceolate with 
a broad V-shaped sinus, 
the whole broadly ovate 
when spread out, 4 mm. 
wide at base; the lower 
lip oblong, 5 mm. long, 


2 mm. wide, 3-toothed at 
the apex. 


L. vallicola apricus 
(Greene) 
Annual 
Rather shortly and 
sparsely pilose. 
Branches few to 
several, almost upright, 
firm, from near the 


base, 30 to 45 em. high. 


Leaflets about 7, 
oblong-linear, acute, 
about 1.5 em. long, 


thin, sparsely appressed 
pubescent. 


Racemes _ sub-sessile, 
5 to 8.6 em. long in full 
flower. 


Flowers in 4 or 5 
verticils, these rarely 
indistinet. 


Calyx—broad upper 
lip deeply cleft, the 
lower entire, the whole 
exterior appressed 
villous but not densely 
so. 


L. nanus Dougl. 
Annual 

Villous or finely 
pubescent. 

Slender, not succu- 
lent, often branching 


from near the base, 15 
to 37 em. high. 

Petioles 144 to 3 times 
longer than leaflets. 


Leaflets 7 or 8, linear 
to oblanceolate, 1.2 to 


2.5 em. long, usually 
acute. 
Raceme loose, short 


peduneled, 7.5 to 17.5 
em. long. 

Flowers fragrant and 
in several distinct or 
somewhat indistinet 
whorls. 

Bracts exceeding the 
calyx, deciduous, 

Pedicels about 6 mm. 
long. 


Upper lip deeply 
cleft, lower 3-dentate, 
the middle tooth some- 
times obscure or want- 


ing. 


No. 640] VARIATION AND HEREDITY IN LUPINUS 429 


Corolla bright violet 
blue, 7 mm. long, 5 mm. 


deep, distance between 
apices of wings and 
banner less than 2 mm. 


Banner appearing as if 
shorter than the wings, 
the edges turned back 
and slightly crinkled 
above, obovate-cuneate 
when spread out, 6 mm. 
wide, with a shallow me- 
dian groove turning 
purple or violet in age. 

Wings inflated, spen 
dorsally and at the apex 
exposing the keel, the 
ventral edge closed, 
raised into a low sharp 
keel, the individual wings 
obovate-oblong when 
spread out, 5 mm. wide 
just above the middle, 
then obliquely rounded to 
the broad blunt apex. 

Keel glabrous, moder- 
ately curved, 2 mm. deep 
across the middle, the 
apex purple. 

Pods yellowish, villous, 
2.5 em. long, 4 mm. wide, 
about 7-seeded. 

Seeds pale flesh-colored, 
slightly yellow-brown 
mottled, 2 mm. long, 1.5 
mm, wide. 


Corolla (blue) 
broader than long, the 
breadth about 10 mm. 


Banner with white 
middle spot, purple 
dotted along the median 
suleus, turning reddish 
purple in age. 


Keel naked (Greene) 
or bearded on_ the 
apical half (Smith). 


Pod 2.5 em. long, 
appressed villous, 3 to 


7-seeded. 


Seeds not strongly 
compressed, obliquely 
round-oval, grayish with 
a few markings and 
many small dots 
(Greene). 

Seeds well marked 
with prominent dark 
brown line on each side 
and rest of the surface 
thickly marbled or 
finely dotted with dark 
grayish brown. (Smith) 


Corolla blue, 10-12 
mm. long. 
Banner with white 


middle spot with purple’ 
dotted turning 
reddish purple in age, 
orbicular retuse with 
the sides reflexed. 


Wings lightly joined, 
forming an _ obliquely 
ovate, inflated sac. 


Keel faleate, ciliate 
from above the middie. 


The above descriptions have been taken from the origi- 
nal sources for LZ. pipersmithi (5) and L. vallicola apri- 
cus (4) and from Jepson’s Flora of Middle Western Cali- 
The three species are illustrated in 
the accompanying text-figures. 

Field Study of Variation.—Field work can be carried 
on profitably only in years when lupines are abundant. 
1914 was a very favorable year for L. vallicola apricus 
and 1919 and 1920 for LZ. nanus. 


fornia for L. nanus. 
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In 1914 apricus and pipersmithii were very numerous 
in a field near the university and much study was devoted 
to them. Besides the pink forms already mentioned a 
considerable number of other color variants were noted 
and seed collected of some of them. Seeds were collected 
of both the pink and blue forms of pipersmithii and have 
since been cultivated. Smith (10) had earlier collected 
seeds of these varieties, but had not been successful in 
cultivating them. Jepson (7) makes note of the variabil- 


Fic. 1. Lupinus vallicola apricus, showing the flower and its parts. 
(After C. V. P. Smith.) 


ity of nanus and Smith mentions variations of size of 
plant and flower in apricus. 

The normal color of apricus is dark blue and white. 
After some study it became very obvious that, mixed with 
the usual types, there were occasional plants with a de- 
eidedly lighter blue. One variation consists in a mere 
lightening of the blue. This type was called light blue 
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and plants were bagged for seed collection. Another type 
resembled this in color except that both banner and wings 
were distinctly striped. The amount of blue and white 
varies somewhat but the type is always recognizable. In 
some cases one might correctly speak of a light blue flower 


Fic. 2. Lupinus piper-smithii, showing floral parts. (After C. V. P. Smith.) 


Fic. 3. Lupinus nanus. 1. Normal plant. 2. Single flower, front view. 3. 
Looking down on flower showing particularly the banner shape. 4. Side view 
of single flower, showing position of lateral spot. 5. Front view with wings re- 
moved showing position of frontal groove and spots. 6a. Pod of normal! plant. 
6b. Pod from “curly pod,” type 11 in table. 7. Seed from Pedigree V, showing 
dark ring. 


/ 
“ 
WA 
| | 
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with white stripes or veining. In other, and rarer, cases 
it is apparently a white flower veined with blue. Seeds 
of this type were collected and have since been grown 
under the name of striped white. This first season it 
was not realized that the two lighter forms were distinct. 
Fortunately the seeds of each individual plant were saved 
and grown separately, so that the distinction became evi- 
dent in 1917, the first year in which successful cultures 
were grown. 

Pink apricus were also fairly common that year and 
have been oceasionally noted since. Seeds were saved 
and have since been grown. 

Two white forms were observed that year. One ap- 
peared to be plain white. This type has been frequently 
observed since in this and other species. A single plant 
was also observed in which the color was a cream or 
yellowish white. Seeds of both sorts of plants were saved 
but have so far failed to grow. 

A few seattering observations were made on nanus 
from vear to year, but it was not until 1917 that a field 
was found in which variations were numerous and con- 
spicuous. Pinks, light blues, striped whites, and whites 
were all abundant in a field near the town of Woodside. 
Specimens of all these types were staked out for seed but 
unfortunately attracted the attention of the small boy 
and no seeds were secured. In 1919 3 fields were found 
some 3 miles west of the university in which numerous 
variations were in full bloom. A careful study was made 
and an attempt made to discover and describe every 
variation. Twenty-seven plants were labeled and de- 
seribed for seed collection. They represented 12 separate 
and distinct variations or combinations. All the varia- 
tions but two are concerned with flower color. In the 
description of nanus it will be noted that the normal > 
plant has a blue and white corolla having a reflexed 
banner with a white front down the middle of which there 
is a groove marked with a number of small dark spots. 
In the variants the normal dark blue of the banner and 
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wings may be replaced by the light blue or striped white 
described for apricus or the whole corolla may be white 
or pink and white. 

All the dark blue, light blue and striped white plants 
had a white front on the banner with blue, blue-green, 
or no spots in the groove. White corollas had either 
white or lemon-yellow fronts with or without the dark 
spots. Normal dark blue plants have the color uniform 
on banner and wings or else with a deeper spot at the 
angle where the reflexed banner joins the wings. In light 
blues this spot may be dark blue, light blue, greenish blue 
or absent altogether. Whites have this spot faintly blue, 
bright orange, or absent. The orange spots may occur 
with either white or lemon-vellow fronts. 

A reddish-purple corolla was found on a number of 
plants which were distinguished by unusually large and 
fine flower clusters. In some of them the flowers had 
fallen and pods formed on some earlier branches. The 
pods in every case were of a very peculiar type. Instead 
of the elongated, nearly straight and somewhat flattened 
and constricted type commonly found these plants had 
pods long, tapering, nearly round, and frequently much 
coiled. This was at first supposed to be due to attacks 
of insects or fungi. Diligent search failed, however, to 
show any such infection or infestation. And when it 
was later discovered that the plants which would pro- 
duce these curly pods could be identified in the early 
flowering stage it was realized that this whole group of 
characters constituted an interesting variation. A num- 
ber of plants were labelled and some bagged for seed. 
Although many seed capsules were examined, no good 
seed were secured. It appears highly probable that this 
form is completely sterile, though there is a chance that 
the failure to set seed may have been due to un- 
favorable weather. In 1920 neither this nor any of the 
other variations were to be found in that same field. 
Diligent search, in fact, has failed to discover it any- 
where. It is much to be regretted that good seed of this 
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form can not be secured, inasmuch as the somatic varia- 
tions involved appear to be more profound and com- 
plicated than in any of those so far studied. 

The only other form variations, aside from mere size, 
so far observed are two modifications of the banner. In 
one plant of nanus in 1919 the banner was hooded in the 
fashion of some varieties of sweet peas. This same varia- 
tion had béen previously noted in apricus in.1914.  Apri- 
cus also oceasionally yields plants with the abbreviated 
banner characteristic of pipersmithu. So far seeds of 
neither of these variations have been collected, though 
attempts have been made. 

The table below summarizes the variations observed in 
1919. This season’s study yielded no new types and 
failed of some of those found the year before. 


Color and Markings | Front | Lateral 


Number | | Other 
Corolla Veining |. Front | Spots Spots Characters 
Light blue! Veined | White | Darkblue|..................... 
| | yellow 
purple 
purple | banner 


The variations in size of all three species are very con- 
siderable, no doubt due in large part in the field to differ: 
ences of soil, moisture, shade and exposure. When 
grown in the garden side by side nanus is the largest and 
most vigorous and pipersmithii the smallest. In the 
field nanus is often smaller than apricus, though the 
flower cluster is usually much larger. This difference is 
possibly due to the fact that it grows in more open, ex- 


No. 640] VARIATION AND HEREDITY IN LUPINUS 435 


posed places and usually in poorer soil. No cultures of 
different-sized plants of the same species have yet been 
grown and critically compared. Some casual observa- 
tions, however, indicate that there are probably heritable 
size differences in apricus. 

Reference to the specific descriptions will show that 
some taxonomists have been inclined to base classifica- 
tion in part on the color, shape and markings of the seeds. 
Our observations would indicate that this is not a very 
safe criterion, particularly in reference to color and 
markings. Seeds of nanus are the largest. They could 
usually be picked out of a mixture with apricus by size 
and shape, but not by the color or markings. No char- 
acter is more subject to variation than this. This does 
not mean that the character is a fluctuating one, but that 
there are a great many differently colored and marked 
seed varieties. All the seeds of any one plant are alike 
(with certain exceptions to be noted in a later para- 
graph), as one would anticipate since the color and mark- 
ings are seed-coat characters and hence genetically all 
alike on any particular plant. 

Dark blue nanus and apricus plants have dark seeds, 
whites and pinks have light seeds, light blues and striped 
whites have seeds of intermediate color. Pinks and light 
blues have a yellowish-brown tone and are flattened and 
without other markings. Striped whites are longer and 
thicker in proportion to the width, of either a bluish or 
yellowish tone with a conspicuous crooked line on either 
side forming a continuous ring about the shorter perim- 
eter of the seed. This ring does not oceur on the seeds 
of pinks or whites. It is present on some races of dark 
blues and absent on others. The statements just made 
apply particularly to those races which have been culti- 
vated for some time in the experiment garden. Field 
observation confirms them in part, but reveals a consid- 
erable number of other variations in color and marking 
which have not yet been cultivated and about the genetic 
behavior of which nothing is yet known. The only case 


436 THE AMERICAN NATURALIST [Vou. LV 


so far noted in which the seeds of a single plant of apricus 
are not entirely uniform is that of two tones in a striped 
white variety. An attempt has been made to cultivate 
the two sorts separately and to determine the ratio in 
which they occur. Cultures have not yet proved success- 
ful. In some collections of seed the ratio approximates 
a 3:1, but in others it is nearer 8:1, but whether any 
significance is to be attached to these results has not yet 
been definitely determined. 

It is a curious fact that, although lupines yield an 
enormous number of seeds and the plants often literally 
cover acres of space they are nevertheless very capricious 
in their occurrence. Some illustrations of this may be 
taken at random from our notes. The field near the 
university where the apricus mutants and the pink piper- 
smithii were collected in 1914 has been under observation 
every year since and has not at any time had many plants 
or produced a second display of these mutants. A num- 
ber of pink forms of both species were staked for seed 
that first year and the stakes left in the ground to mark 
the site, in the expectation that the same forms would 
reappear the following year. In no single case were pink 
flowers found at any of these stations, although they were 
found the next year at other locations in the same field. 
The field near Woodside studied in 1917 has been visited 
each year since. Not only have no mutant forms been 
found there, but there have been exceedingly few normal 
ones. The field from which the notes were made for the 
table on a preceding page was very thoroughly searched 
again this spring. There were a few dark blue plants, but 
not a single one of the types which were more or less 
abundant there last year. These vagaries of distribu- 
tion doubtless depend in some manner not yet clear on 
the difficulty of germinating the seeds. 

Pollination and Seed Collection—In 1914 when these 
observations were begun it was assumed that the lupines 
were probably frequently cross-pollinated, inasmuch as 
they appeared to be freely visited by bees. It was a 
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matter of some surprise to find that the forms of apricus 
and pipersmithii which were brought into cultivation 
did not indicate this to be true. The pinks bred true in 
both species. Experiments to determine self-pollination 
by bagging or screening the plants with fine-meshed wire 
cages showed no diminution in the harvest. Further- 
more, in the following vears different strains grown in 
adjacent rows showed no sign of crossing. It was then 
assumed that the same would be true of nanus and flower 
clusters were bagged in the field for seeds—not to insure 
selfing, but merely to prevent the seeds from being scat- 
tered by the explosive dehiscence of the pods. The re- 
sults were wholly negative, resulting in a failure to 
secure any seed that year. The appearance of the 
contents of the paper bags first used led to the supposi- 
tion that possibly the failure to set seed was due to the 
bags. Careful experiments were therefore made the 
following season by inclosing whole plants in cages of 
fine screen wire or cheesecloth. In no ease did this result 
in setting seed. It appears, therefore, that nanus is de- 
pendent on bees for pollination. On the other hand, cul- 
tures derived from white-flowered nanus have shown that 
the bees act in part merely as a mechanical agent, for 
part of the progeny was white and part blue. Thesé 
results agree well with and serve to explain the greater 
number of variations found in nanus. 

Pollen Sterility.—It has been maintained by a number 
of authors at one time or another that variability in 
nature is very largely a matter of hybridity and that 
sterile pollen is a more or less certain indication of the 
hybrid nature of a species (6). Having found two closely 
related species both variable and in a closely similar 
manner, it became a matter of interest to study the com- 
parative sterility of close-pollinated and cross-pollinated 
species. In order to determine this matter a large num- 
ber of plants belonging to all the varieties in cultivation 
‘at the time in the garden were examined. Mounts of 
pollen from three different flowers from each plant were 
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made. Each slide was so prepared that about 100 pollen 
grains would be visible in a single field of the microscope. 
All the grains in the field were then counted and the 
percentage of sterile grains calculated and averaged. 
Only two plants showed more than 3} per cent. of sterile 
pollen. One normal dark blue plant showed 40 per cent., 
39 per cent. and 0 per cent. in three flowers. One striped 
white showed 9 per cent., 6 per cent. and 0 per cent. in 
three counts. One hybrid light blue, one dark blue and 
one pink showed no infertile pollen. The one plant with 
a high degree of sterility was a selfed dark blue apricus. 
Only a few plants of nanus were available, but they 
showed no poorer pollen than apricus and pipersmithit. 

Seed Germination.—In a previous paragraph it has 
been pointed out that, although lupines produce immense 
quantities of seeds, field germination is apparently poor 
—at least an abundant seed harvest is likely to be fol- 
lowed by a poor stand of plants the following season. 
Our earlier attempts to grow them in the garden were 
practically a total failure. 

The first attempt to grow controlled cultures was made 
in the winter and spring of 1914—’15. Four hundred 
seeds were planted in pots in ordinary unsterilized 
garden soil and 400 more in pots of sterilized soil (ster- 
ilized in an Arnold steam sterilizer). The seeds them- 
selves were planted dry without treatment of any sort. 
The results were almost a total failure. About 5 per 
cent. of the seeds produced seedlings. Of these all but 
. or 6 were killed as seedlings by the attacks of soil fung: 
or just simply died. Two plants lived to flower, but failed 
to set seed. It appeared evident that greenhouse cultures 
under the conditions then available were likely to be un- 
profitable and the remainder of the original seed collec- 
tions were held over until an experiment garden could be 
secured. 

In 1917 the remaining seeds were planted without treat- 
ment in the open garden. Nine plants in all lived to 
mature seed—one light blue, one striped white, one pink 
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pipersmithii, three pink apricus, and three dark blues. 
The seeds since used have all been derived from these 
nine plants, each of which has been assigned a pedigree 
number. 

In 1918 seeds of each of the 1917 plants were again 
planted. Although about 400 seeds of each were planted 
in each culture, two pedigrees failed to yield a single plant 
that year, though a few plants came up the following 
spring. Pedigree VIII, Light Blue, yielded a culture of 
85 plants and pedigree V, Striped White, 28 plants. Thus 
the highest per cent. of germination did not exceed about 
20 per cent., ranging from that down to zero. 

In 1919 a series of germination tests were carried out. 
This had not been possible before on account of the small 
number of seeds available. A considerable variety of 
methods were employed. Soaking the seeds in tap and 
distilled water for weeks is of little value, owing to 
the failure of the seed to imbibe water. Breaking or 
cutting the seed coat brings about prompt imbibition of 
water and consequent swelling, but does not produce a 
high percentage of germination. Seeds were soaked in 
water under air pressures up to 140 pounds to the square 
inch with no noticeable effect. 

Since the seeds are small cutting or filing the seed 
coats is a very arduous affair where cultures of any size 
are to be grown. Attempts were, therefore, made to find 
some other means of bringing about the same result. The 
seed coat appears to be difficult to wet and this was 
thought to be due to the presence of some oily or waxy 
constituent. Attempts to dissolve this by means of KOH, 
various percentages of alcohol, ether, ete., proved en- 
tirely unsuccessful. 

Soaking in concentrated H.SO, proved the most effica- 
cious method tried. This was applied in parallel series 
of seeds from the same plant for periods from 5 minutes 
up to 2 hours. The shorter treatments seemed to produce 
no effect at all. The longer periods of two hours or 
over killed the embryos. After some experimentation it 
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was found that a treatment of one and one half hours 
would sufficiently char the seed coat to secure practically 
100 per cent. of swelling (8). At first it seemed im- 
possible to say whether this might not also injure the 
embryos. Later it was discovered that whenever any 
acid penetrated the cotyledons of dark blue plants they 
turned pink. This color is probably due to the presence 
of a chromogen similar to or identical with the one which 
eventually produces the pink or blue flower pigments. 
Since this color reaction is brought about by even faintly 
acid solutions, it was thought that it would serve as an 
effective check against overtreatment with the acid. 

After the preliminary experiments had shown the sul- 
phurie acid method to be the best at our disposal a com- 
plete series of tests were run on each of the 70 pedigrees 
available for planting at that time. The dry seeds 
were placed in the concentrated commercial acid and left 
for 90 minutes. They were then washed rapidly through 
several changes of sterile water until the water failed 
to affect litmus paper after the seeds had stood in it for 
20 to 30 minutes. It was found necessary to carry out 
the washing rapidly since the weak acid readily pene- 
trated into the cotyledons. 

After washing the seeds were subject to one of three 
treatments. Some were left in sterile water until 
sprouted. Others were removed as soon as they had 
swelled. The great majority of the pedigrees swelled 
within 18 hours. A few were completely swelled within 4 
hours. In most cases they were left about 18 hours. A 
third method was to transfer the seeds as soon as washed 
to a nutrient solution. This did not show any advantage 
over plain sterilized water. The seeds which were re- 
moved from the water after washing and swelling were 
placed on or between moist blotting papers. It was soon 
found that those left in the water or placed between 
papers kept wet and soggy excelled those which were 
placed on papers merely kept moistened. Twenty-one 
lots of seed failed to sprout at all, although the percent- 
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age of swelling was 95 per cent. or better except in two 
cases, each of which had only 40 per cent. of the seeds 
swelled. The remaining lots averaged 51 per cent. of 
sprouted seeds. Two gave 100 per cent., one gave 95 
per cent. and 14 were below 25 per cent. 

From these results it appears that many seeds which 
show no observable defects are nevertheless either dead 
or in a state of dormancy not readily overcome. That 
the latter is probably the true explanation is indicated 
by the fact that more seeds treated in this manner actu- 
ally sprout than when the seed coats are mechanically 
ruptured. The treatment with the acid seems to act in 
some manner, possibly by dehydration, as a slight stimu- 
lant to sprouting. It is not certain, however, that a 
larger percentage of viable seedlings is actually produced. 
Many seeds put forth the radicle in an apparently normal 
manner, but do not continue growth. Others die at later 
seedling stages apparently from internal causes, for they 
have not had opportunity of infection and are growing 
under the same conditions as others in the same culture. 

This spring and winter a number of cultures were tried 
in which the seed were treated with acid, washed, and 
then planted directly in the soil out of doors. In every 
case a good stand was secured averaging about 50 per 
cent. of the seeds planted. The seedlings of the preceding 
season were planted in pots and kept in the greenhouse 
until a vigorous young plant was secured, and then trans- 
planted to the garden. They did very poorly after being 
transplanted and produced practically no seed. It is 
uncertain whether the failure was due to faulty technique 
in transplanting or to the failure of the plant to adapt 
itself to the change of environment. It is not unlikely 
that both causes had something to do with the matter. 
They had been grown in 5-in. pots and transplanted with 
the whole mass of dirt, but even in that way some dis- 
turbance of the root system was unavoidable. In addi- 
tion to this there was a very hot, dry wind lasting three 
days about flowering time. This seemed to do a lot of 
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damage to plants in the field and was no doubt highly in- 
jurious to those in the garden as well. It is planned to 
repeat the experiment again, using paper pots which may 
be set in the garden without disturbing the roots at all 
and without interfering with subsequent growth. (These 
pots have no bottoms.) 

Garden Cultures have now been carried through four 
seasons in some lines and through two or three in the 
others. Pink apricus and pipersmithii have proved en- 
tirely constant, with one exception. Dark blue apricus 
also breeds true. 

The striped whites of Pedigree V for three seasons 
produced both striped whites and dark blues. In 1918 
the culture produced 28 plants which flowered. There 
were 20 striped whites and 8 dark blues. In 1919 
the cultures were so badly injured by transplanting and 
unfavorable weather that little reliance could be placed 
on numbers. Some cultures, however, did produce white 
plants. In the larger, but still unsatisfactory, ones this 
spring whites have again been produced. Although the 
numbers are very small, the fact that striped whites give 
rise to dark blues, striped whites, and some whites is 
significant. Two cultures of 100 seeds each this spring 
produced two white plants each and no other sorts. 
From these data, unsatisfactory as they are, it is probable 
that striped whites are hybrids between white and dark 
blue and that white differs from dark blue by a single 
factor. 

The light blues of Pedigree VIIT have also been grown 
through four seasons. In 1918 the original plant pro- 
duced a progeny of 85 plants, of which 20 were dark blue, 
60 light blue, and 5 failed to flower. They have never 
produced any whites. This season 8 cultures out 
of 27 produced only: light-blue plants. In most eases 
the numbers were small, but one culture of 200 seeds pro- 
duced 32 light blues and one plant which did not flower. 
Three others respectively produced 22 light blues out of 
200 seeds, 18 light blues out of 170 seeds, and 9 light 
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blues out of 150 seeds. Taking into account that four of 
the eight cultures had only one or two plants and so 
might have produced dark blues also, this 8 : 27 is prob- 
ably as close an approximation to a 3:1 ratio as could 
be expected. The data. now available would appear to 
justify the conclusion that the light-blue color is due to 
a single factor difference and that heterozygotes and ho- 
mozygotes are phenotypically indistinguishable. 

Owing to the fact that a single cross yields only five 
or six seeds, it has not seemed profitable to attempt hy- 
bridizing the light blues and striped whites either with 
one another or with other forms, until a techinque has 
been perfected that insures a higher percentage of ger- 
mination. In nanus, which is naturally crossed, certain 
observations have been made which indicate something 
of the relations of certain factors to one another. Seeds 
of a white-flowered plant collected last year from un- 
protected flowers were grown this year and produced 
both whites and blues apparently like normal wild ones. 
This would indicate that the mother plant had been vis- 
ited by a bee which had effected pollination in part with 
its own pollen and in part with that of a neighboring 
dark blue. If this be the true explanation this white was 
a recessive one. It might have been a heterozygous domi- 
nant white, of course, which would be in agreement with 
the nature of the whites in apricus, Pedigree V. Seeds 
of pink nanus collected last year yielded only a half 
dozen plants, all dark blue. This would point to the con- 
clusion that pink is also recessive to blue. However, 
these results are too meager to have more than a sug- 
gestive value. 

Seed characters have also proved constant in inherit- 
ance. Dark-blue apricus plants invariably have dark 
seeds, but the particular type of marking differs accord- 
ing to the origin. It is suspected that the two types of 
seeds found in Pedigree V, striped whites, indicate a 
genetic difference, possibly distinguish striped whites 
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from pure whites, but the facts now known do not suffice 
to prove this. 

Mutations have apparently occurred in culture in re- 
spect to both flower color and seed-coat markings. 

This spring (1920) a single dark blue appeared in a cul- 
ture of pink apricus which had bred true through the three 
preceding generations. In 1918 a pink arose in a culture 
of seeds from a wild dark-blue nanus. If the relations 
between pink and dark blue are the same in the two 
species one of these cases must be a mutation. Hybridi- 
zation is exceedingly improbable in the case of the pink 
apricus. It is not likely that the dark-blue nanus was a 
hybrid either since it was not collected from a location 
where this cross would have been likely to occur and 
only one plant out of a large culture was pink. 

In 1918 plant VITI-27 with dark-blue flowers produced 
seed of the light color characteristic of light blues. These 
seeds this year produced both light blues and dark blues. 
In collecting these seeds it was necessary to read the 
label on the plant and that on the seed box. It is very 
unlikely that they failed to tally with each other or with 
the color of the flowers still in bloom on the plant. Sev- 
eral collections were made over a period of two or three 
weeks and the plant label put in the box at the final 
collection. Owing to the fact that the seed pods were 
not opened until after the collections had been finished, 
no suspicion of anything unusual was entertained until 
after any sort of check was no longer possible. A mis- 
take might have been made several times in succession, 
but this is certainly very improbable. The seeds this year 
are of the usual type. Three light-blue plants produced 
light seeds and two dark blues produced no seeds. 

If this is not a case of mistake in records it is very 
difficult to offer any explanation of it. Since plant VIII 
was a hybrid and the factor for dark-blue flower color 
is linked with that for dark seeds, plant VIII-27 could 
have arisen either through a mutation in the recessive 
factor for coat color or by a cross-over of its dominant 
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allelomorph, so that dark flowers would then be linked 
with light seeds. In either event plant ViII-27 would 
be homozygous for dark flowers. It might have been 
either homozygous or heterozygous for seed-coat color. 
In the one ease it would yield a progeny with dark-blue 
flowers and light seed coats. In the other all plants 
would have dark-blue flowers, but there would be three 
light seed coats to one dark one. The results, however, 
are both light-blue and dark-blue flowers. 

Pedigree VII is dark blue and has bred true for three 
seasons. This spring culture VII-3-1 produced a single 
white plant. It was the only plant from 77 seeds. The 
parent plant was exceptional in that its seeds were lighter: 
in color than usual. 

Discussion.—It is realized that the facts presented in 
the preceding pages are regrettably incomplete. It is 
hoped, however, that they are sufficient to interest others 
in lupines as suitable materials for genetic investigation. 

The striking parallelism in the mutations occurring in 
the two species, apricus and nanus, is certainly a signifi- 
eant phenomenon. All recent work with both plants and 
animals proves that in varietal crosses homologous chro- 
mosomes are freely interchangeable and that allelomor- 
phic factors oceupy identical loci in their respective 
chromosomes. The work with multiple allelomorphic 
systems clearly indicates that a particular factor may 
undergo a number of different changes. In L. apricus the 
evidence at hand likewise indicates that the factors pro- 
ducing striped white and light blue respectively are each 
allelomorphie to that for dark-blue flower color. Whether 
they are allelomorphic to one another remains to be 
shown, though that would be a probable supposition. 

From the data presented in this paper it can not be 
said whether flower color and seed-coat color are both due 
to the same factor or to linked factors. The latter is, 
however, indicated by two facts. In the first place we 
already know more heritable patterns of coat color than 
there are flower colors associated with them. At least 
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three seed patterns are found in association with dark- 
blue flowers in different pedigrees. In the second. place 
there is the case of the dark-blue plant, VIII-27, which 
produced seeds with the light color characteristic of light 
blues. 

In the great majority of mutations described up to 
the present time the new character is recessive to the nor- 
mal one (1). They are apparently due to the loss or 
inhibition of a previously existing factor. It is interest- 
ing to note that the two factors for light blue and striped 
white here reported are both dominant, the former com- 
pletely and the latter incompletely so. Furthermore, 
many of the other variations observed are in the nature 
of additions. Yellow color on the front of the banner 
and orange lateral spots, although their heredity is not 
yet known, are certainly to be considered as in the nature 
of additions. 

The mutations in Lupinus represent three categories 
(11). In the whites a positive character has been lost. In 
the light blues and striped whites a character has been 
replaced by another. This would naturally be supposed 
to be due to some alteration of the factor governing the 
somatic character. In the case of the orange spots and 
lemon-yellow fronts one is led to suppose the addition 
of a new factor, especially so in view of the fact that they 
are not constantly associated with one another or with 
white flowers. White flowers may occur without either 
lemon fronts or orange spots or with both or with one 
and not the other. | 

These three categories of characters naturally suggest 
that there are also three sorts of factorial bases for them. 
Loss of a character appears readily explicable either on 
the assumption of an actual loss of the factor in the chro- 
mosome or of its becoming latent. Multiple allelomor- 
phie factors seem to be located according to the work of 
Morgan and his associates (8) at identically the same 
loci in their respective chromosomes and must therefore 
be thought of as different changes of the same factor. 


No. 640] VARIATION AND HEREDITY IN LUPINUS 447 


Additional characters when inseparably linked with an 
old one might be due to a change in the original factor, 
but when not linked, or so loosely so as not to maintain a 
constant association, they would have to be considered as 
due to a new factor. A new factor might originate by 
the subdivision of an old one and the subsequent differ- 
entiation of one part. In this case as well as in the case 
of the actual loss of a gene, homologous chromosomes of 
the hybrid between the new and old form would present 
the situation originally conceived in the Presence and 
Absence hypothesis (2) of an actual gene paired with its 
absence. In the other cases of modified factors this 
would not be true. 

Summary.—l. The genus Lupinus presents an as- 
semblage of closely related and difficultly separable 
species. 

2. The present paper reports some results of a 6-year 
field and garden study of DL. apricus vallicola, L. piper- 
smithu, and L. nanus. 

3. The variations described concern the form and color 
of the flower, the shape and size of the pod, and the 
color and markings of the seeds. 

4, Dark-blue and pink-flowered races breed true. 

5. Striped-white flowered races are heterozygous for 
a single factor, which in the homozygous condition pro- 
duces white flowers. 

6. Light-blue flowers are due to a single dominant fac- 
tor, indistinguishable in the homozygous and heterozy- 
gous condition. 

7. Dark see! coats are linked with dark-blue flower 
color, but probably due to separate factors. 

8. The factors for light-blue and striped-white flowers 
are both allelomorphic to that for dark-blue and not im- 
probably constitute a system of multiple allelomorphs. 

9. Mutations are frequent, some are already known to 
be dominant, and others appear to be in the nature of 
additions of new characters and factors and so progres- 
sive in the sense of de Vries. 
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10. On account of the frequency of dominant and pro- 
gressive mutations and notwithstanding the difficulties 
of seed germination this genus merits the attention of 
geneticists. 
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STUDIES ON PARASITIC COPEPODS OF THE 
GENUS SALMINCOLA’ 


NATHAN FASTEN 


OreGon AGRICULTURAL COLLEGE, CORVALLIS, OREGON 


THE parasitic copepods afford a very interesting group 
of animals for the biologist. Not only do these organisms 
offer many fascinating problems for the pure scientist, 
but from the commercial standpoint they are extremely 
important as parasites of our food and game fishes. 
There is every degree of parasitism amongst these crus- 
tacea, from those which spend a very small portion of 
their existence as parasites to those which are parasitic 
throughout almost their entire life. My own studies, 
covering a period of nearly ten years, have been confined 
to some of the most highly specialized members of the 
latter group, belonging to the genus Salmincola of the 
family Lerneopodide. 

The Salmincola are parasitic on the Salmonide, 
which inelude such important fishes as salmon, trout, lake 
herring and whitefish. These copepods are all built on 
a similar plan and can be easily recognized. The adult 
females are the ones which are usually encountered, and 
these may be attached to the delicate membranes of the 
gills, gill chambers, fins and mouth of the host. Here 
they hang on and are supplied with a constant stream of 
fresh blood, which serves as their sole food. 

These adult copepods can be readily seen with the 
naked eye. They are quite large, measuring a few milli- 
meters in length, and are yellowish-white in color. An- 
teriorly they are fastened to the host by means of two 
second maxille and a chitinized bulla. This last named 
structure is imbedded in the tissues of the host. Pos- 
teriorly each female possesses a pair of slender freely 

1 Delivered before the Biological Club, Oregon Agricultural College. 
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dangling egg-sacs within which the embryos undergo 
complete development. 

During the last few years our knowledge of the Sal- 
mincola has been increased largely through the efforts of 
Wilson and the present writer. Wilson, in 1915,’ pub- 
lished a key to the various species of Salmincola found in 
North America, while the present writer (1912-1919)* 
has published a series of papers on the behavior, mor- 
phology, life-history and economie importance of two of 
these forms, namely Salmincola edwardsii (Olsson) 
Wilson, which parasitizes the brook trout of our middle- 
western and eastern states, and Salmincola falculata 
Wilson, which is parasitic on salmon and trout of our 
Pacific states. In speaking of the former species, Small- 
wood, in a recent paper,’ says 

These parasites are widespread in the United States in the native 

trout streams, and in Canada and Europe. The first scientific record 
of this particular parasite is by Linneus in 1761. It seems strange 
that an animal could be known for so long and its habits not be under- 
stood until within the past five years. 
The writer is at present engaged on other species of 
Salmincola which dwell on various salmon and trout of 
the northwest section of the United States. From all 
appearances the different stages in the life histories of 
the various species of Salmincola seem to be more or less 
similar and, therefore, will be briefly outlined. 

As already mentioned above, the young larval copepods 
undergo development within the egg-saes of the attached 
females. When these larve are mature, they rupture the 
egg-sacs and escape into the water as minute, freely- 
swimming organisms that closely resemble free-living 
pelagic copepods. Although they measure about one 
thirty-fifth of an inch in length, they are very active and 

2 Proc, U. S. Nat. Mus., Vol. 47, pp. 565-729. 

3 Report Wis, Fish. Com., 1911-12, pp. 12-22. Jour. An. Beh., Vol. 3, pp. 
36-60. Biol. Bull., Vol. 27, pp. 115-127. Biol. Bull., Vol. 31, pp. 407-419. 
Pub. Puget Sound Biol. Sta., Vol. 2, pp. 73-77, Pub. Passe Sound Biol. Sta., 


Vol. 2, pp. 153-181. 
4 AMER, Nat., Vol. 52, pp. 322-352. 
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swim about with a snappy spiral dart. They may thus 
swim about for nearly two days, constantly searching for 
a host to which to attach themselves. They dart here, 
there and everywhere: if not successful in meeting a host, 
they soon die, but if one is found they attach themselves 
and earry on their life-cycles to completion. 

In Salmincola edwardsii it has been found that the 
larval copepods swim about near the surface of the water 
throughout the day, but at night they sink down to lower 
depths near the bottom of the stream. These migrations, 
although contrary to the general migrations of free-living 
copepods, are, nevertheless, of great benefit to these para- 
sitic forms in that they are parallel with the migrations 
of the hosts. Brook trout generally feed near the upper 
surfaces of the streams during the day and at night they 
sink down to lower levels. This similar behavior on the 
part of the parasite and the host makes it much easier 
for the parasite to meet its host and thereby carry out 
its life-eyele. 

The manner in which the larval copepod attaches itself 
to the host is extremely interesting. Each larva posses- 
ses powerful mouth parts and a peculiar attachment fila- 
ment which aid in the attachment of the organism. On 
coming in contact with a desirable portion of the host, 
the parasite first rasps a hole in the tissues by means 
of its mouth parts. Then the attachment filament is 
brought in contact with this cavity and by means of the 
contraction of numerous thin head muscles which are 
attached to the proximal end of the attachment filament, 
the bulb-like distal end of the filament is driven into the 
cavity. The glue-like secretion of the attachment fila- 
ment as well as the regenerating tissue of the host soon 
attach the copepod quite securely. 

The copepod now undergoes degeneration. It loses its 
segmentation as well as its plumose swimming feet. The 
abdomen rounds out, becomes larger and more bag-like 
in outline. The mouth parts also change their appear- 
ance. The mouth itself grows into a prominent tube-like 
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piercing organ, which is capable of puncturing the tissues 
of the host for purposes of sucking blood. This is the 
exact method by means of which the attached parasite 
feeds itself. 

About a week after attachment to the host, the modi- 
fication of the parasite has been so complete that one can 
hardly recognize any resemblance between it and the free- 
living larva from which it was derived. In another week 
and a half, that is, about two and a half weeks after 
attachment, the copepods have reached sexual maturity 
and are ready to undergo fertilization. The males can 
now be easily distinguished from the females. This was 
not possible previously. The females are veritable giants 
as compared with the males, being about three or four 
times the size of the latter. 

The only male ever discovered in the genus Salmincola 
is that of Salmincola edwardsii, which has been described 
and figured in the Biological Bulletin for 1914. The 
writer has just completed the study of another male of a 
different species of Salmincola, namely, Salmincola beani 
Wilson which he recently discovered on the gills of the 
chinook salmon.* This new male shows the same size 
difference when compared with the female as does the 
male first mentioned. 

Prior to fertilization, the males and females hang side 
by side on the tissues of the host. In order to accomplish 
fertilization, the male undergoes a rather peculiar be- 
havior. He begins circling movements and somewhere 
in his vicinity he comes in contact with a female. As 
soon as this occurs, the male clasps the female with his 
maxillipeds and at the same time he releases his hold on 
the tissues of the host. The male then creeps towards 
the posterior region of the female’s body, in the neighbor- 
hood of the genital pores, and here he attaches himself in 
position for fertilization. The male next bends his abdo- 
men upward toward the genital openings and soon 
extrudes two pear-shaped pouches known as spermato- 

5In press, Biol, Bull. 
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phores. These are manipulated by the free maxille of 
the male and are ultimately attached near the genital 
pores of the female. The spermatophores contain a 
cement-like material which aids in their attachment. 
They are also filled with large numbers of mature sper- 
matozoa which wander through the genital pores and 
become stored within the spermatheca of the female. 
Here these male gametes remain dormant until the ova 
of the female are ripe for fertilization. When the wander- 
ing of all the spermatozoa has been completed the 
spermatophores collapse and soon come to resemble 
transparent, shell-like, yellowish spheres. The female 
may be fertilized more than once. Oftentimes as many 
as six spermatophores may be found clinging to the 
genital pores of some of the females, showing that these 
have been fertilized three times. 

After fertilization, the male drops off the body of the 
female and soon dies. The female, however, lives on and 
completes the life-cycle. She now undergoes extreme 
degeneration, increases enormously in size, and develops 
a large number of eggs which become clearly visible with- 
in her abdomen. At the same time two slender mem- 
branous egg-sacs make their appearance at the posterior 
margin of the female’s body. When the ova are ripe 
they are passed down through the oviducts and as they 
migrate past the spermatheca they are fertilized by the 
stored spermatozoa. The embryos are then transferred 
to the egg-sacs where they carry on their complete de- 
velopment. In about a month the young are liberated as 
free-swimming larve ready to begin the cycle again. In 
Salmincola edwardsii two batches of young are produced, 
each numbering about one hundred and twenty individ- 
uals. After all the young have been liberated, the adult 
females die and soon deteriorate on the tissues of the 
host. 

Although these copepods are not, ordinarily, very 
dangerous to fish in their natural haunts, yet from the 
standpoint of fish-culture they are of considerable eco- 
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nomic importance. When once they make their appear- 
ance in our hatcheries they cause a great deal of damage 
and loss amongst the fish. Here conditions are ideal for 
parasitism. The ponds are small and large numbers 
of fish are crowded into them. Because of this situation 
the parasitic larve have very little trouble in finding their 
hosts. At the same time the current of water which cir- 
culates through the hatchery ponds is not swift enough 
to interfere with the movements of the parasitic orgau- 
isms. It is therefore a matter of a short time before 
most of the fish become heavily infested with copepods. 

While the young fish as well as the adults are attacked 
in the hatchery ponds, nevertheless it is mainly the adult 
fish which are most heavily parasitized. These are 
attacked by so many of the copepods that they are ulti- 
mately killed. It is by no means uncommon to find as 
many as two hundred and fifty copepods on one trout. 
Recently I found around five hundred copepods on the 
gills of a single chinook salmon. In such cases of para- 
sitism the injury to the host is considerable. In the first 
place, the parasites suck enormous quantities of blood, 
thereby depriving the host of a large amount of nourish- 
ment. Secondly, when the copepods attach themselves, 
they injure the tissues of the host, thereby making it 
possible for injurious spores and bacteria to enter and 
set up secondary infections of a serious nature. And 
lastly, the injured tissues swell and develop into so-called 
‘* sear tissues,’’ which interfere with the normal functions 
of the host. Taking all these facts into consideration, 
there is little wonder that fish succumb under the attacks 
of these parasites, particularly in hatchery ponds where 
conditions are just right for parasitism. In one Wiscon- 
sin hatchery the author found that in a single year about 
twelve thousand adult trout out of fourteen thousand 
kept in outdoor ponds died from the attacks of these 
copepods. 

Many states have had this trouble for vears, with very 
serious losses. The writer has devoted considerable 
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attention to the control of these parasites, and has recom- 
mended the following remedies in the state of Wisconsin. 
These have also been found useful in other states where 
the same type of parasitism has made its appearance. 

1. When the water supply is polluted, sand filters 
should be installed at the mouth of the water stream as 
it makes its way into the hatchery ponds. The sand 
eatches most of the free copepods before they enter the 
hatchery, thereby preventing them from attacking the 
fish. 

2. The voung fry should be given salt baths quite often. 
The salt solution kills the copepods during the early 
stages of attachment. At the same time this solution 
makes the fish more resistant to the attacks of the 
parasites. 

3. Since the adult fish are the ones most heavily para- 
sitized, it is better to do away with these as soon as 
possible and to keep only the younger fish for spawning 
purposes. 

4, Inasmuch as the free-swimming stages of the cope- 
pods are strongly attracted by intense light, powerful 
are lights should be erected at various points over the fish 
ponds. By means of fine gauze bags towed over the illu- 
minated regions, a large number of the copepods can be 
gathered and removed. 

5. The introduction of certain types of minnows into 
the hatchery ponds tends to keep the parasites down. 
These minnows feed on the free-living larve of the cope- 
pods, thereby destroying many of them before they have 
the opportunity of coming in contact with the proper 
host. 

Another means of overcoming this sort of parasitism 
which has often suggested itself to the writer is, throvgh 
breeding, to develop a strain amongst the hosts which 
would be practically immune to the attacks of the para- 
sites. This appears to be possible when one considers the 
fact that under similar conditions the hosts show varying 
degrees of resistance to the parasitic organisms. Some 
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are attacked very lightly, while others become heavily 
parasitized. Doesn’t it seem logical to speculate that 
through intelligent selection and breeding, one could de- 
velop resistant strains of fish, which would be attacked 
by so few of the parasitic copepods that the parasites 
would be almost a negligible quantity? 

These remedies, of course, are not absolute, but they 
may help a great deal in reducing the loss of the fish. In 
‘ases of such parasitism there is no absolute cure known. 
A most desirable remedy would be one which would de- 
stroy the adult copepods while they are attached to the 
structures of the fish, without in any way harming the 
latter; but all attempts in this direction have thus far 
been without success. The hosts are so delicately consti- 
tuted that they can withstand only a very slight change in 
their environmental medium. The adult copepods, on the 
other hand, can resist powerful chemical solutions by 
virtue of their resistant body walls. It is obvious that 
the weak link in the chain of the life-history of these 
parasites is the free-living period, and in view of this, 
the real solution seems to be quite clear. One must catch 
the organisms as they break out of the egg-saes of the 
mother and kill them before they come in contact with 
their hosts. As with a good many of our modern dis- 
eases, ‘‘ prevention before parasitism occurs ’’ should be 
our motto, rather than ‘‘ cure after parasitism.”’ 


SHORTER ARTICLES AND DISCUSSION 


COLLINS’S REMARKS ON THE VIGOR OF FIRST 
GENERATION HYBRIDS 


IN a review of the theories regarding hybrid vigor Collins* 
has attempted to show that the two objections which were long 
upheld as precluding the possibility of dominance accounting 
for heterosis were without foundation. The suppression of dele- 
terious factors, he considers, is adequate to account for the ob- 
served facts without considering the phenomenon of linkage. 

The two objections which were raised against the hypothesis 
of dominance as a factor in hybrid vigor before the importance 
of linkage became generally known are as follows: (1) Domi- 
nance of independent factors would give an asymmetrical distri- 
bution to the progeny populations of those individuals which 
show an increase in growth when crossed. (2) Free assortment 
would make possible a recombination of all the dominant favor- 
able growth factors into a homozygous fixed race which would 
not be reduced by inbreeding. Neither of these objections holds 
when linkage is taken into consideration. Collins believes that 
they also do not apply when linkage is left out of consideration. 

Collins shows numerically and graphically that with a large 
number of factors involved the skew curve of the theoretical dis- 
tribution of independent dominant factors approaches the type 
of the normal curve. He points out that, with characters de- 
pendent upon a large number of factors, only populations with 
larger numbers than have been dealt with statistically would 
exhibit any noticeable tendency toward skewness. This is a 
good point well brought out which previously had been neglected. 
But this would apply only to progenies which have a restricted 
range in comparison with their parental populations. In those 
cases where the range of the segregating generations with small 
numbers nearly equals the combined range of the original races 
as exhibited by the characters which show heterosis the number 
of main factors which govern the expression of this particular 
character can not be large. Therefore, if it were merely a mat- 

1 Dominance and the vigor of first generation hybrids. AMER. Nar., 55: 


116-133, 1921. 
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ter of dominance without linkage, such distributions would be 
expected to show right-hand skewness. But they do not con- 
sistently do so. 

In regard to the second objection, that of recombination of all 
favorable factors, Collins has given a large number of figures to 
show what was already well known, that with a large number of 
factors the chances for recombination are remote with the small 
progenies grown in experimental plots. It was not intended to 
maintain that pedigree cultures were adequate to show that such 
a recombination could not be made. The point in mind, if not 
clearly expressed, was that natural selection in isolated popula- 
tions of cultivated plants had not brought about any noticeable 
approach to stability. In the hills of New England maize has 
been grown for long periods of time in isolated fields. Some 
varieties have probably been grown for at least fifty years with- 
out admixture. Yet these varieties when self-fertilized show as 
rapid a reduction in growth as other varieties which are lately 
the product of extensive hybridization. 

There is an enormous difference in the possibilities for imme- 
diate recombination with and without linkage. To illustrate: 
with twenty independent factors the chance for the bringing 
together of all dominants in a homozygous state in one genera- 
tion is theoretically one in 4°°. With the same twenty factors 
distributed by twos in ten different chromosomes, each being 
separated by ten units of crossing-over, the chance for recombi- 
nation is theoretically one in 20°". This is a difference in total 
numbers so vast as to be almost inconceivable. Working over 
long periods of time, linkage may not be a hindrance to recom- 
bination, as factors once brought together tend to stay together 
as firmly as they once resisted separation. Many cross-fertilized 
species in the wild whose age is measured in geological periods 
rather than years are stable. But cultivated forms even when 
isolated for a considerable time show no noticeable approach to- 
ward this condition. It seems reasonable to suppose that the 
arrangement of factors in the chromosomes has something to do 
with this state of affairs. Therefore, until the chromosome 
theory of heredity was developed, there was considerable plausi- 
bility to the older view that something besides mere dominance 
was responsible for heterosis. 

Even so, I am perfectly willing to admit that there is no clear 
way of deciding the argument as to whether or not the old objec- 
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tions were valid. But how important is it now to make this 
decision? Linkage is a fact and must be taken into considera- 
tion. True, the evidence in support of the chromosome hypoth- 
esis from maize is not extensive. But hybrid vigor is a wide- 
spread phenomenon shown by many organisms. The dominance 
hypothesis applies to Drosophila as well as to maize. 

This failure to look outside of the corn field has led Collins 
to make certain statements to which I must take strong objec- 
tion. He is inclined to believe that the suppression of deleteri- 
ous factors is all that is involved in the vigor derived from cross- 
ing. This may be true for Drosophila, but there are many cases 
of wild species of both animals and plants as well as of naturally 
self-fertilized varieties of cultivated plants which show an un- 
mistakable increase in+growth after crossing. Take Naudin’s 
Datura crosses which doubled in height, Kélreuter’s Nicotiana 
hybrids which astonished their producer, the hybrid walnuts, 
both natural and artificial, and Gerschler’s fish hybrids, to name 
a few notable illustrations. Collins himself has given us several 
good illustrations of remarkable vigor shown by hybrids of many 
varieties of maize from different parts of the world. Here it is 
clearly not a matter of suppressing deleterious characters. The 
parental types are normal, vigorous and perfectly capable of 
maintaining themselves in their own way. But crossing brings 
about a new combination of hereditary qualities. By utilizing 
the best from both parents the hybrid is able to obtain a sur- 
passing development. As long as variation exists different indi- 
viduals will have unlike germinal potentialities. Crossing tends 
to bring these different possibilities together. Dominance en- 
ables the offspring to take advantage of the more favorable 
factors. This is as true of domesticated races as it is for wild 
species. 

Furthermore, there is abundant evidence that many factors 
are without effect unless working in consort. In plants, colors 
of various parts, and in animals, coat patterns, are conspicuous 
examples of this complementary action. These characters are 
possibly of no importance in growth, yet they illustrate a state 
of affairs which is probably of real significance. Crossing makes 
it. possible to assemble the component parts. 

As Collins says, to consider hybrid vigor as the suppression of 
deleterious heredity as compared to the bringing together of a 
greater number of favorable growth factors is, to a certain ex- 
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tent, merely a different way of looking at the same thing. But 
it puts the emphasis on the wrong side and is wholly inadequate 
to account for all the manifestations of hybrid vigor. It would 
be unnecessary to discuss this were it not for the fact that his 
way of looking at the matter leads him to think that there is no 
essential distinction between the Darwinian view of inbreeding 
as a process leading toward extinction and the more recent con- 
ception that the results of this system of mating depend upon 
the inheritance received. Collins says: 

Many of the older writers on heredity have held that inbreeding is a 
cause of degeneration. In avoiding ambiguous words “ cause” is one of 
the first that must go. If foreed to define their position this sehool 
would probably be content with the statement that degeneration is a 
necessary consequence of inbreeding, the intermediate step or nature of 
the process being unknown. Is this econeeption really at varianee with 
the idea that degeneration results from the inereased number of un- 
favorable recessive characters brought into expression by inereased 
homozygosity? Does not this conception rather amplify the older, 
general and indefinite position by explaining how degeneration may 
be brought about? (P. 124.) 


Leaving aside all question of definition of terms, let us con- 
sider the results of the two views when applied in practise. To 
say that abnormal and undesirable individuals appear after close 
mating is very different from supposing that such forms have 
their origin in the system of mating. Whether or not this is 
stating the matter fairly, breeding practises have been in accord 
with the latter view. Asa result of inbreeding we now know that 
aberrant individuals bordering on the teratological often come 
to light. Along with these types which are truly degenerate in 
any sense of the term (but inbreeding has nothing to do with 
their origin) there are perfectly normal individuals which suffer 
in comparison with their more heterozygous parents in that they 
are only slower in growth, are not so resistant to unfavorable 
conditions and are not so productive. Inbreeding is solely a 
process of sorting out. Some bad material is brought to view 
which can be discarded. But along with this there is all the 
good material that was in the stock, and this can be used to re- 
build a better breed than existed at the start. Before the era 
of Mendelism there was little conception that it was the stock 
that was at fault and not the system of mating. Even though 
it was the appearance of abnormal and bizarre forms which gave 
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the bad name to inbreeding in the past, the less vigorous off- 
spring frequently resulting from inbreeding, although healthy, 
were also considered to be valueless for further propagation and 
were quickly disposed of. 

This is still the belief and practise of live-stock breeders. 
Those who do not know the principles involved think that in- 
breeding has permanently injured the families with suth weak- 
ened individuals. Equipped with the results of two decades of 
genetic investigation, we can say, ‘‘ No! this is not so. Nothing 
has been lost. These less vigorous inbred individuals of no ap- 
parent worth have potentially great value.’’ A widespread re- 
ception of this idea has possibilities of great practical outcome. 
Not to see clearly the important distinction which there is here 
between the present and former views is not to appreciate the 
real progress which the combined genetic research of twenty 
years has made along this line. 

D. F. JoNEs 

CONNECTICUT AGRICULTURAL EXPERIMENT STATION, 

New Haven, Conn. 


AN APPARENT CASE OF SOMATIC SEGREGATION 
INVOLVING TWO LINKED FACTORS* 


SoMATIC segregation as an ordinary occurrence, and especially 
as a source of definite progeny ratios in subsequent sexual repro- 
duction, seems highly improbable. The evidence connecting nor- 
mal segregation and recombination with meiosis and fertilization 
is too strong. As a matter of occasional mitotic abnormality in 
heterozygous material, however, the question of somatic segre- 
gation is still open. 

Any sport 


*’ involving apparently simultaneous change 


of two or more non-allelomorphie factors is therefore of special 
interest, since the probability of its cecurrence through two 
nearly simultaneous factor or point mutations seems very 
remote. Either deficiency mutation, which seems to mean 
(Bridges, 1917) the loss of a normally present portion of a 
chromosome, or the development or resolution of a condition of 
‘*quplieation’’ (such as vermilion-sable duplication in Drosophila 
melanogaster; Bridges, 1919, p. 646) might produce the effect 
in question. So, also, might a process properly deseribed as 
‘‘somatie segregation,’’ in which at some mitosis one daughter 
1 Paper No, 60, University of California, Graduate School of Tropical 
Agriculture and Citrus Experiment Station, Riverside, California. 
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cell received both halves of one mother-cell chromosome, while 
the other daughter cell received both halves of the homologous 
chromosome. Such a variation, then (Muller, 1920, p. +459), 
permits an almost certain decision ‘between factor mutation and 
‘‘mitotie irregularity.’”* 

A ‘‘bud variation’? apparently involving two linked factors 
was observed in a culture of Vatthiola annua, at Riverside, Cali- 
fornia, in 1916-17. Unfortunately the factorial relations are 
not entirely clear, but the case seems decidedly significant never- 
theless. 

The plant in question occurred among progeny of a ‘‘slender’’ 
parent (25b—6—-8-6; Frost, 1919). The slender type (S’) is one 
of several aberrant forms evidently dependent on factors linked 
with the factor ‘‘for’’ single (normal) flowers (D). Slender 
parents have given (Frost, 1919) on the average about 32.5 + 2.0 
per cent. of slender progeny, most of the rest being ** Snowflake’”’ 
(normal). The constitution of the slender single parent men- 
tioned appears to have been S'D/s'd. Both S’ and D (or a 
factor completely linked with D) appear to be imperfectly re- 
cessive for a lethal effect; no functional pollen carries D,? and 
S'S’ zygotes appear to be non-viable, while 8’s’ zygotes are some- 
what weak and probably are selectively eliminated before germi- 
nation. 

Plant 25b—6-8-6 gave the following progeny: slender, 18 or 
19 (2 double, 1 undetermined, rest single) ; Snowflake, 25 (1 
single, 24 double) ; total, 44. One plant was noted, at the age 
of about seven months, as having the upper main stem leaves 
like Snowflake, but the rest slender. When mature this plant 
had produced from one side of the main stem at least three 
primary branches, all slender and single, two at least yielding 
seed. The main cluster was stout, and, although its flowers seem 
not to have been noted as peculiar while in bloom, it produced 
persistent sterile pistils; at least two of these pistils were ab- 
normally broad, each enclosing a cluster of petal-like parts. One 

2 This paper was written, aside from some revision of this second para- 
graph, before I saw Muller’s paper here cited. 


3 All the singles of such a ‘‘double-throwing’’ 


race are therefore hetero- 


zygous for doubleness, while the doubles (dd) are sterile (Frost, 1915). A 
back cross of two Snowflake plants by pollen of 25b—6-8-6 (crosses 23ca and 
23ea; Frost, 1919, table 36) gave about 22.4+ 2.6 per cent. of slender 
progeny, including only 2 (or 1) doubles out of 26 slenders, while the Snow- 
flakes were about half doubles. Evidently both eggs and pollen carried some 
factor or factors contributing to this puzzling result. 
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stout flowering branch, well above the others, evidently was 
similar to the primary inflorescence. Near the level of the 
uppermost of the slender tlowering branches, on the opposite 
half of the stem, arose two stout branches, which bore Snow- 
flake-like leaves and sterile double flowers. 

It would seem that some change eliminating the factors S’ and 
D oceurred, probably in a single cell, at the growing point of the 
young main stem. The Snowflake double (s’d/s’d) cells. result- 
ing, perhaps because of their normally greater vigor of growth, 
gradually obtained the ascendency in a large portion of the 
stem. The primary inflorescence and the high branch beside it 
perhaps remained in a chimerical condition, while the two lower 

stout branches received the new type nearly or quite unmixed. 

That the double flowers were somewhat abnormal‘ hardly 
lessens the foree of the evidence in relation to the improbability 
of factor mutation. Even the two lower stout branches may 
have been periclinal chimeras, or the new factorial constitution 
may have been (as for example through a ‘‘duplication’’ shift- 
ing of chromosome material) somewhat different from that of a 
normal double. Plainly some change occurred that involved, 
nearly or quite simultaneously, two factors in iinked loci some 
distance apart. This change was probably not factor (point) 
mutation. It may have been deficiency mutation, itself prob- 
ably a mitotic abnormality, or it may have been some other ab- 
normal shifting of a chromosome or a portion of a chromosome. 

A further consideration is pertinent here. The slender form 
and at least one or two others, in arising (Frost, 1916, 1919) jn 
very small proportions from the normal (Snowflake) type, 
show evident linkage phenomena which indicate segregation 
rather than immediate mutation. As has been suggested (Frost, 
1919), the apparently mutant factor (as S’ above) may be pres- 
ent in ordinary Snowflake singles, but concealed because of the 

4 The usual double flowers are ‘‘ petalomanous ’’ (de Vries, 1912, p. 330) ; 
that is, inside the sepals they consist of nothing but an indefinitely pro- 
liferated floral axis bearing numerous petals. The flower lives long after 
anthesis, and often develops into a short branch bearing secondary flowers 
in the axils of its leaves (petals). No trace of stamens, and earpels can be 
found. These abnormal double flowers, on the other hand, had the four 
petals of the typical cruciferous flower, followed by an indefinite number of 
smaller curved petals probably representing petaloid stamens; finally, in 
some cases the central mass of petals seemed to arise from within a modi- 
fied pistil, somewhat as in the case of the less abnormal] flowers of the 
terminal cluster mentioned above. 
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action of an epistatie or inhibiting factor 7. Thus the constitu- 
tion of the Snowflake singles giving rare slender progeny may 
be IS’D /is'd or DS'T/ds'i.. A serious theoretical difficulty seemed 
to arise in the apparent necessity for several specific ‘‘ in- 
hibitors’’ all giving the same ‘‘normal’’ type, and also for rela- 
tively frequent dominant mutations. Perhaps, however, the 
apparent mutation may usually consist in the development or 
disappearance of some condition of duplication in one chromo- 
some of the pair coneerned. Origin of apparent mutants 
through duplication of whoie chromosomes, as seems to have 
been demonstrated for a remarkably similar series of mutant 
forms in Datura (Blakeslee, Belling and Farnham, 1920), seems 
to be precluded in these cases by the evident linkage phenomena. 
\ Howarp B. Frost 
UNIVERSITY OF 
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THE NEUROMOTOR APPARATUS OF PARAMECIUM 


Tue discovery of a neuromotor apparatus in Diplodinium 
ecaudatum (Sharp 1) and Euplotes patella (Yocom. 2) eon- 
firmed by Taylor (3) leads me to expect similar conductile fiber 
systems in other ciliates. This expectation has been met in the 
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well-known ciliate Paramecium. The neuromotor apparatus of 
this organism consists of fine branching fibers in the periphery 
and the cytopharynx, converging to the neuromotor center. 

In the periphery these fibers are connected to the basal gran- 
ules of the cilia and also to the trichocysts. From these organ- 
elles they may be traced to the neuromotor center (Fig. 1, n. c.) 
located in the endoplasm just anterior to the cytostome. ‘They 


e------ —mac. 


\, 
Fig. 1. Fig. 2. 


Fic. 1. Paramecium caudatum, Giagrammatic sketch showing oral whorl of 
peripheral neuromotor fibers, the neuromotor center, ciliary grooves, trichocyst 
ridges, ciliary suture, cytostome and cytopharynx with anterior and posterior 
membranelle zones. 

Fic. 2. Paramecium caudatum, diagrammatic aboral view, showing aboral 
whorl of neuromotor fibers. 

Abbreviations: ¢ v., contractile vacuole; c¢. s., ciliary suture; 0. gr., oral 
groove; mac., macronucleus; imic., micronucleus; mn. c¢., neuromotor center; 
or. wh., oral whorl; memb., anterior membranelle zone; cyt., cytostome; ab, wh., 
aboral whorl; cyp.. cytopharynx; p. memb., posterior membranelle zone; 
trichocyst ridges; p. fib., peripheral neuromotor fibers. 
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are arranged in whorls, one on the oral side, the other on the 
aboral side (Fig. 1, or. wh.; Fig. 2, ab. wh.). 

The oral whorl is the more extensive. In the oral groove 
(Fig. 1, 0. gr.) the fibers run obliquely caudad to the cytostome 
where they turn and converge obliquely cephalad to the neuro- 
motor center. From other parts of the oral surface they run in 
gracefully curved lines directly to the neuromotor center. 

The fibers of the aboral whorl converge in a large apex on the 
right, opposite and slightly posterior to the ecytostome.’ Here 
they dip into the endoplasm and run direct to the neuromotor 
center, 

The entire periphery of the animal is supplied with the diverg- 
ing fiber ends of these two whorls. On the left side those of the 
oral whorl meet those of the aboral whorl about midway between 
the two sides. On the right the inner ends of the fibers of the 
oral whorl mingle with those of the aboral whorl near the con- 
verging apex of the latter. 

Two sets of fibers connect the organelles of the eytopharynx 
with the neuromotor center. One, a fan-shaped set, runs in the 
right wall of the cytopharynx to the anterior membranelle zone. 
The other set consists of two fibers which run from the neuro- 
motor center to the peristomal cilia around the eytostome and 
meet in the posterior margin. From here they run in the oral 
side of the cytopharynx and branch profusely into the posterior 
membranelle zone and the endoplasm. This posterior zone, the 
cilia of which beat in an opposite direction to those of the an- 
terior membranelle zone, has not been previously described. 
The cytopharyngeal fibers are heavier than the peripheral fibers 
and may be seen in living unstained animals under oil immersion. 

The trichocysts are arranged with reference to the peripheral 
neuromotor fibers in whorls. They reach the surface of papille 
which constitute interrupted ridges (Fig. 1, t. r.). The cilia, 
however, spring from longitudinal grooves. The grooves from 
each side of the oral surface meet in a series of V’s, the apices 
of which lie in a line, the ciliary suture (Fig. 1, c. s.) which ex- 
tends obliquely through this surface from the anterior to the 
posterior end. 

Fibers were found in 2.5 sections connected to the basal 
granules of the cilia and running into the endoplasm. Khainsky 
(4) also found these fibers and ealled them ciliary rootlets. 
They are here interpreted as the ends of the peripheral neuro- 
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motor fibers. ‘Similar fibers have been found connected to the 
inner ends of the trichocysts. 

From the foregoing it is seen that the neuromotor system of 
Paramecium consists of fibers running from the neuromotor 
center to the membranelle of the cytopharynx and also from the 
same center to the basal granules of the peripheral cilia and to 
the trichocysts. Its morphology suggests that it is econductile in 
function adapted to coordinate the movements of the peripheral 
cilia and the eytopharyngeal membranelles. 

The peripheral fibers were discovered in whole mounts fixed, 
stained and dehydrated in centrifuge tubes. The best stain was 
Heidenhain’s iron alum hematoxylin. They were not seen 
with this stain when the animals were attached to the slide by 
egg albumen. However, contrary to Neresheimer (5), the distal 
fiber ends were sometimes seen in such preparations when Mal- 
lory’s triple connective tissue stain was used. Complete cyto- 
logical details were worked out only from the hematoxylin 
preparations. 

This idea of staining non-distorted animals in centrifuge 
tubes resulted from micro-injection studies. It was found that 
animals survived such operations only when isolated in rounded 
drops. Blisters invariably formed when they were held flattened 
to the cover by water-glass surface tension (Taylor 3). An 
apparatus embodying the principle of Taylor’s micro-injection 
pipette (Taylor 6) was constructed by means of which isolation 
was accomplished in such small drops that only a very limited 
movement of the animal was possible. To secure rounded drops 
the cover was coated with a thin film of oil as described by Barber 

Three kinds of experimental methods in attempting to dem- 
onstrate that the fibers are conductile were carried out: as 
follows: 

Griibler’s methylene blue which stains nerve fibers in meta- 
zoan tissue (Wilson 8) gave negative results when injected into 
Paramecium. 

An antero-posterior gradient was demonstrated as follows: 
The organisms were isolated in 4 per cent. to 6 per cent. alcohol, 
Yo per cent. nicotine, 1 per cent. antipyrin, or 1 per cent. mor- 
phine hydrochlorate. In all eases the anterior cilia ceased 
beating at least ten seconds earlier than the posterior cilia 
and those of the eytopharynx. The animals did not disintegrate 
as do planarians and annelid worms in these solutions so that 
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the physiologically anterior end (Child 9) could not be deter- 
mined. But the antero-posterior gradient is what one would 
expect in animals possessing fibers which conduct efferent im- 
pulses (Tashiro 10). 

Contrary to Neresheimer (5) the animals are narcotized in 
these solutions. 

Micro-dissection experiments showed that the coordination of 
movement of the cytopharyngeal membranelles is interrupted 
when the neuromotor fibers are cut. Those posterior to the cut 
beat slower and with smaller amplitude than those anterior to it. 
Extensive destruction of structures in the region of the neuro- 
motor center or motorium destroyed coordinated movement of 
the peripheral cilia. In one case in animals isolated in gelatine 
four zones of cilia were seen. Those of one side beat in oppo- 
site directions to those of the other. 


CONCLUSIONS 


A complex fibrillar apparatus has been differentiated in Para- 
mecium. It connects the membranelles of the cytopharynx and 
the peripheral cilia and also the trichoeysts with the neuromotor 
center. Therefore, the morphology of this system suggests that it 
is conduetile. Experimental data strengthens this morphological 
evidence; first, because the antero-posterior gradient that exists 
here is that which would be expected in an animal possessing a 
complex system of fibers which conduct efferent impulses from 
the anterior end to the neuromotor center; second, the micro- 
dissections indicate that coordinated movement of the cytopha- 
ryngeal membranelles is interrupted when neuromotor fibers are 
severed and coordinated movement of the peripheral cilia is 
interrupted when the neuromotor center is destroyed. 

CHARLES W. REES 

ZooLoGicaL LABORATORY, UNIVERSITY OF CALIFORNIA 
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A NEW MUTATION IN THE HOUSE MOUSE? 


A NEw and distinct mutation in mammals is not a frequent oc- 
currence, and therefore the record of a recent dilute form of the 
house mouse, allelomorphie to color and albinism, is perhaps 
justifiable. 

The infrequency of mutations in mammals may be due to 
greater stability of the germ plasm than in such forms as in- 
sects, for example, Drosophila; or may be due to our lack of 
opportunity for examining as large a population of mammals 
as of insects; or possibly may be due to a more frequent lethal 
effect associated with mutations in mammals. Whatever the 
cause is, a tendeney toward similar mutations in closely related 
groups of mammals is apparent and suggestive. The fact that a 
given type of mutation has occurred in one group is some promise 
that a corresponding mutation is possible and may occur in a 
closely related group. The pink-eyed mutation (giving pink- 
eyed colored varieties) in mice has been known for some time. 
A similar mutation in rats was described recently (Castle, °14).? 

1 Paper No. 17, Genetics Laboratory, Illinois Agricultural Experiment Sta- 


tion. 
2 Castle, W. E., 1914, Am. Nar., Vol. 48, p. 65. 
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In both rats and mice, this gene greatly reduces the production 
of black and brown hair pigment, but leaves yellow undisturbed. 
The linkage of pink-eye to albinism in.both forms gives added 
evidence that these genes are similar if not actually identical. 
A gene for pink-eye is also known in the guinea pig (Castle 
14)*, but it has not yet been established that pink-eye and 
albinism are linked in this form. It may be unsafe to homologize 
strictly the gene for pink-eye in mice and rats with the gene in 
guinea pigs which produces similar somatic effeets. A deep 
red-eyed (almost black-eyed) yellow rat has also been described 
(Castle, “14).4. The gene for red-eye is linked to the gene for 
pink-eye. This mutation has not yet been observed in mice. 
Brown varieties of mice and guinea pigs have been known for a 
long time. Brown rabbits (the Havana variety) and the brown 
roof rat (Patterson, ’20)° are recent productions. While no 
brown variety of the common rat (Mus norvegicus) is known, 
the form should be possible and its discovery is only a matter of 
time and opportunity. A set of quadruple allelomorphs in the 
enuinea pig includes intense color, dilution, ruby-eyed dilution 
and Himalayan albinism (Wright, °15).° Soon after these forms 
were found, Whiting and King (°18)* reported ruby-eyed dilu- 
tion in rats, an allelomorph of both color and albinism. While 
Whiting and King used the same symbol, ¢,, for this gene that 
Wright used for ruby-eyed dilution in guinea pigs, they point 
out that the somatic effect is somewhat different. The two cases 
of ruby-eyed dilution may not be identical, for it is conceivable 
that numerous dilution effects in the color-albino series are pos- 
sible. Ordinary color dilution still remains to be found in rats, 
in order to make up a series of color allelomorphs as elaborate 
as in the guinea-pig. Similar examples of apparently parallel or 
identical mutations in closely related groups can be shown in 
other animals, as in the color varieties of the horse and the ass, 
for example, and in the case of the Drosophila species. 

In an effort to homologize the genes which affect the quality 
and distribution of hair pigment in the mouse, rat, guinea pig 
and rabbit, I was impressed by the dearth of color allelomorphs 
in mice, such as cause the various grades of dilution in the rat 
3 Loe, cit. 

4 Loe. cit. 

5 Patterson, J. T., 1920, Science, N. S., Vol. 52, p. 249. 

6 Wright, S., 1915, Am. Nav., Vol. 49, p. 140. 

7 Whiting, P. W., and King, H. D., 1918, Jour. Exp. Zool., Vol. 26, p. 55. 
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and guinea pig. It appeared that similar changes in the mouse 
were possible and could be found, if persistently sought. With 
this general thought in mind, | attempted by corresponding with 
fanciers et cetera to locate dilute mutations in mice, thinking 
that the dark red-eyed yellow mutation (parallel to the type 
found in rats) or the dilute forms allelomorphie to color and 
albinism (parallel to. the guinea-pig and rat series) might be 
possibilities. My correspondence with fanciers brought no re- 
sults, but a dilute mutation appeared from a rather unexpected 
source. On August 31, 1920, Mr. J. E. Knight of Weldon, 
Illinois, who exterminates rodents from corn cribs, poultry houses 
and the like, and who has much opportunity to examine a large 
number of these mammals, brought to my laboratory a young 
male mutant mouse which he had captured in a corn crib, located 
on a farm seven miles from the nearest town. This animal on a 
first and cursory examination, gave the appearance of being an 
ordinary black-eyed white in which the hair was apparently 
very slightly. stained or dirty. Realizing that such a form would 
mean a double (and therefore much more improbable) mutation 
from the wild, in which both dominant and recessive spotting oc- 
curred simultaneously, I made a more careful examination about 
one month later and found that the hair had become darker. 
I have since learned that it is characteristic of this form to be 
practically white on the first pelage, but the dorsal hair eventu- 
ally acquires a brownish shade,—a little lighter than an ordinary 
pink-eyed brown with a slight dull yellowish cast. There is_no 
clear evidence of an agouti pattern, the base of the hair being 
light and the apical portion pigmented. The ventral surface is 
almost white, at least in the presence of agouti. The eyes at 
birth are somewhat less heavily pigmented than the wild. This 
difference persists for some time, but when the mutant is full 
grown I am not sure I can distinguish the eye from the wild 
type. Dark pigment is quite pronounced in the skin of the ears 
and serotum, in which respect this mouse differs from the ruby. 
eyed rat. The dark eyes and yellowish tinge in the hair at first 
suggested that the mutation was similar to the dark red-eyed 
yellow rat. Recent matings have, however, demonstrated quite 
clearly that it is a third allelomorph in the color-albino series, and 
may therefore be homologous to the ruby-eyed dilute rat which is 
allelomorphie to color and albinism. 

While the hair of the mutant mouse is lighter and the eyes are 
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apparently darker than the ruby-eyed dilute ‘rat, the genetic 
behavior agrees quite closely in both forms.. Nevertheless it is 
hardly safe to insist that these two mutations are identical, for 
there may be numerous possible grades or conditions of the 
color gene. We are also unable to prove that they are different, 
for the genes may be identical, but simply give different somatic 
effects since the residual inheritance in the two forms ean not 
be the same. If a new dilute type of mouse can be found which 
is more like the rat in both genetic behavior and somatic ap- 
pearance, then we shall be able to state with more assurance that 
the present mutation is not identical with the dilute rat. Until 
that event occurs, we can only regard these dilute color mutations 
in the rat and mouse as samples of a series of possible mutations 
in the color gene (ef. the red, white, eosin, cherry, et cetera series 
of multiple allelomorphs in Drosophila melanogaster). A sim- 
ilar interpretation applies in any attempt to homologize the mem- 
bers of the guinea-pig series with those of the rat or the mouse 
series. 

Three types of crosses between the mutant male mouse and 
other color varieties have been made as follows: 

1. Mated to homozygous blacks, all of the F, offspring were 
wild gray. In the F, the mutant and other expected forms 
segregated out. 

2. Mated to pink-eyed spotted brown, all of the F, offspring 
were wild gray. In the F, the expected forms occurred including 
the mutant type. We have not yet had opportunity to identify 
the mutant form when homozygous for pink-eye. 

3. Mated to albinos, all the F, offspring were of the mutant 
type, that is, they are white at birth with eyes rather less heavily 
pigmented than the wild type. As they grow older, the hair 
soon approaches the mutant color type, but I can not yet state 
whether the mutant hair color is incompletely dominant, as in 
the case of the ruby-eyed dilute rat and guinea pig. 

From present indications, this new dilute mutation is certainly 
recessive to color, and I am inclined to believe it will prove to 
be incompletely dominant to albinism. The three genes (color, 
eolor dilution, and albinism) probably form a series of triple 
allelomorphs. I shall designate these genes by the symbols C, 
ec’, and c, respectively. The mutant mouse is homozygous in 
agouti, black, dark-eye and self pattern, and therefore represents 
a single factor difference from the ordinary wild type, from 
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which it arose. The new gene should prove to be linked with 
dark-eye, like its allelomorph, albinism. Since it occupies, in a 
scale of dominance, an intermediate position between color and 
albinism, the mutant should give a coupling series when mated 


P 
to albinos carrying pink-eye (F 
a repulsion series when the same mutant is mated to pink- 
but ar l ] tl utant ted to pink 
eyed colored individuals { F; = 


J. A. DETLEFSEN. 


GENITAL ORGANS OF HERMAPHRODITIC FUR SEALS 


THE resumption of commercial killing of the surplus and use- 
less males of the fur-seal herd resorting to the Pribilof Islands 
of Alaska furnished an opportunity to study the life history and 
anatomy of this group of mammals. After a lapse of six years, 
killing was begun again in 1918 by the Bureau of Fisheries. 
Upwards of 33,000 males, mostly young, were secured and their 
skins preserved for sale by the government. Two hermaphro- 
ditie animals were killed among this large number and the 
writer had an opportunity of examining the sexual organs of 
both. Such abnormalities of the species have not previously 
been recorded and since they are rarely found among mammals 
of any species it seems desirable to note the occurrence with a 
brief description. The organs of both animals have been deposited 
in the United States National Museum. , 

Normally the female Alaska fur-seal has two kidney-shaped 
ovaries located just forward of the pelvis and loosely invested in 
the folds of connecting ligaments. Blood vessels, ureters, fal- 
lopian tubes and uteri are attached to the same folds. The 
ureters pass above the genitalia but bend down below to reach 
the tip of the bladder. The uterus is bicarinate, an ovary being 
attached to the distal end of each horn. It is pretty well deter- 
mined that each side functions alternately every other year. The 
horns unite in the median line and the vagina continues to the 
exterior, a distance of about 20 em. Attached to the lower side 
of the vagina is the pear-shaped and very muscular bladder. 
The urethra leading therefrom is deeply embedded in the mus- 
cular walls of the lower vagina as it passes to its point of dis- 
charge near the exterior. 
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The first of the hermaphroditie animals to be described was 
found at the Northeast Point hauling grounds of St. Paul Island 
on August 6, 1918. It was four years old and thought to be a 
male by the external characters of the head. It was not dis- 
covered to be bisexual until skinning had started and the mam- 
mary glands were found fairly well developed and containing 
a small amount of miik. This is one of the first characters to be 
noted when a female has been killed. As the native skinner 
thought this had happened, my attention was immediately ealled 
to the matter. Two or three dozen females are unavoidably 
secured when large killings are made in the manner followed in 
1918 and it was thought that this was one of these unfortunate 
accidents. But when the penis opening on the abdomen was 
seen in the usual place is was known that a freak had been 
found and its organs and skull were preserved. 

The right ovary was found to be smaller than normal and pear- 
shaped instead of flatly oval and it was entirely divested of the 
usual covering membrane. Its fallopian tube was thicker and 
fleshier than usual. But the left ovary was much larger than 
normal and the membrane was firmly attached all over its sur- 
face by adhesions. Both horns of the uterus were normal in 
shape but smaller than usual in a four year old female. The 
walls of the vagina leading backward from the uterus were 
extremely heavy and firm. The opening grew smaller and 
smaller posteriorly until it reached the point of junction of the 
vagina walls and the penis. Then it followed the latter organ 
forward on the ventral side as a small duct. The opening to the 
exterior was near the distal end of the penis. 

There were no testes; rudiments even could not be found. 
But the penis was well developed and in the normal position. 
The os penis was only about one fourth as large as would be 
found in a male of equal age. The cartilaginous continuation 
of this bone and the continuation of the walls of the vagina 
were one and the same. 

The urinary system was normally developed, the bladder being 
attached to the vagina. The urethra followed the penis forward 
on the side opposite from the duct of the vagina. The muscles 
for the retraction of the penis were well developed. 

It would seem that the presence of the female reproducing 
organs would preponderate in affecting other characters of the 
animal such as the skull. (This is widely different in the two 
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sexes.) But such was not the case. Although possessing de- 
cided features of both sexes the skull resembles, far more, one of 
a male of the same age. 

The other specimen found in 1918 was very much less in- 
teresting. It was secured on Lukanin field, St. Paul Island. The 
organs were brought to me after the killing was over in a some- 
what mutilated condition but the relations seemed to be about as 
follows: 

There was a pair of testes, apparently in the usual position 
of ovaries. The spermatie cords united above the neck of the 
bladder and seemed to discharge through a large blind glandular- 
walled pouch. This latter was taken to be a pathological vagina 
and was all that remained of the female system. The bladder 
was normal in size and the urethra passed straight backward 
from it as in the female. A rudimentary penis two centimeters 
long with a minute bone projected posteriorly beneath the anus 
and the opening of what was taken to be the vagina. The 
urethra discharged through this penis. This animal was prob- 
ably a two year old, but its skull was not preserved and the ex- 
ternal characters were not reported to me. 

An old native sealer once told me that he had seen a half male 
and half female seal about five or six years old. It was as large 
as a male of that age but had the beautiful soft pelage of the 
female or the young male. In this connection it is worth while to 
recall an attempt which was made with poor success in 1896 to 
castrate pups. It might be that he saw one of these but it is 
more likely that he saw a hermaphrodite. It has been ree- 
ommended that castration be attempted on animals older than 
pups, say two year olds. If successful it is probable that they 
would develop to the size of the full-grown male but would re- 
tain the very valuable fur of undeveloped males or of femaies. 
As the males are when full grown four to six times as large as 
the females, the pelts should be proportionately increased in 
value. 

G. Datuas HANNA 

CALIFORNIA ACADEMY OF SCIENCES, 

San FRANCISCO, CALIF. 
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INHERITANCE OF BELTING SPOTTING IN CATTLE 
AND SWINE 


Ir has long been noted that when two belted individuals are 
bred together only part of their offspring show true belts. 

Taking the Dutch Belted breed in eattle, although the new 
belted Galloway (Ashton) may later serve just as well, we find 
that in practically all pure-bred herds there appear individuals 
with imperfect belts and more often those that are pure black. 

Kuiper has furnished us with the most promising results so 
far. He shows that the characteristic markings of the Laken- 
velder or Dutch Belted breed may be obtained by crossing within 
the breed or by crossing with spotted cattle. In his experiments 
a belted bull was bred to 55 Holstein-Friesian cows and produced 
as offspring 27 belts, 24-25 self-black, and 3-4 spotted. The 
‘identity of one calf was doubtful. 

To explain these results he takes two pairs of allelomorphie 
factors L-l for belt, epistatic over E-e for self, and a repulsion 
between L and E in the reduplication series 1-7-7-1. A fairly 
high correlation exists between white feet and wide-belts. This 
correlation agrees closely with Walther’s work on horses. 

Kuiper’s work may be criticized on the fact that he has no 
definite grounds for assuming the presence of allelomorphic 
factor pairs. He does not assume a factor for white spotting 
that will take in all parts of the animal. 

In crosses between the single colored reddish-brown Nether- 
land eattle (Richardson) a very few self-color individuals 
were produced. Crosses between the reddish-brown Netherland 
cattle (Kiesel) and Holstein-Friesians produced in the F,, 90 
well spotted, 84 medium spotted, and 6 self-colored individuals, 
showing that the dominance of either character was not complete. 
Crossing the F, individuals together gave 22 self-colored and 29 
spotted. These results show that the Holstein-Friesian markings 
are of a heterozygous type and Holstein-Friesians when bred to 
Dutch Belted gave practically a 1-1 ratio. Assuming that all 
possible factor combinations were made this would easily prove 
that the belting in the Dutch Belted breed is a simple hetero- 
zygous condition and explains the appearance of offspring other 
than belts when belts are bred together. 

In Hampshire swine there seems to have been considerable 
selection within the breed. Originally they were white or black 
and white (Youatt). Later, selection brought them to their 
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present color either black or black with a white belt (Day). 
White spotting other than belts appear, also an excessive white 
belting condition covers all but the extremities of the ears and 
the tail. Spillman states that ten per cent. of the progeny 
of registered individuals are without belted areas. He supposes 
two types of belting (a) homozygous, occurring very rarely, and 
(b) heterozygous, occurring as the common type. In crosses of 
other breeds on Hampshires (Simpson) (Severson) the spotting 
condition proved to be heterozygous, for when bred to recessive 
colored breeds the ratio of belts to non-belts was 11-10 (ex- 
pected ratio 10.5-10.5). 

Summing up all evidence so far on the inheritance of belting 
spotting one would be safe in saying that this character is due 
to a single heterozygous factor pair Ss for white spotting. 

G. B. DurHAM 
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STANDARDIZED MICROPHOTOGRAPHY 
THIRD CONTRIBUTION: THE Exposure FAcToR 


THE great convenience to be derived from the use of only two 
tables of factors is so apparent that anybody who is at all 
familiar with microphotographie work should not for a moment 


478 THE AMERICAN NATURALIST [ Von. LV 


hesitate to spend some time in the preparation’ of such tables. 
It is, of course, natural that differences in the source of light, 
optical equipment and ray-filters necessitate the preparation of 
new tables. Our own ontfit being one of the standard Bausch 
and Lomb apparatus with a Zeiss microscope and Cramer ray- 
filters, it occurred to me that those possessing a similar equip- 
ment might be spared the tediousness of preparing an exposure 
table if our table of exposure factors were published with such 
instructions as would permit of identical arrangement of the 
apparatus. Moreover, it will be remembered that these factors 
are dependent upon the source of light, substage position, mag- 
nification, and numerical aperture of the objective, and that 
other conditions being identical, exposure varies as the square of 
the numerical aperture. 

A word must be said about the use of the substage condenser. 
The position of the condenser indicated in the table is such as to 
give the greatest detail without apparent bad effect on definition. 
As is well established, the depth of focus in a microscopic ob- 
jective depends upon its numerical aperture. The greater the 
latter, the smaller the depth of focus. Since definition increases 
with numerical aperture, one has to sacrifice the one or the other. 
From a practical point of view depth of focus is often more 
desirable than perfect definition. The numerical aperture of an 
objective may be conveniently cut down by increasing the dis- 
tance between the substage condenser and the objective. This 
can be done with safety only to a certain point, which I called 
the optimum, and beyond which definition is visibly impaired. 
I hope to be able later to return to this subject in greater detail. 
Meanwhile, we may state as a general rule that the higher the 
magnifying power of an objective, the sooner the optimum will 
be reached. With other words, the substage may be lowered a 
great deal more in low-power than in high-power objectives. 
In the following table the position of the substage is indicated 
in millimeters, assuming that it is at zero when moved up as far 
as it will go. In the Zeiss microphotographie stand the substage 
condenser has a numerical aperture of 1.40, and when placed at 
zero the surface of its upper lens is still 0.8 mm. below the 
surface of the microscopie table. 

The source of light for which the table of exposure factors 
holds good is the Bausch and Lomb Microprojector No. 4301 
with hand feed are lamp and rheostat for 4.5 amperes, 110 volts, 
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D.C., placed so that the distance between the uprights carrying 
the projector and the microscope table is 20 inches, while half- 
way between the projector and the microscope a water cell is 
placed for the absorption of heat rays. The projector has a 
movable condenser of its own. The position of this condenser 
influences the intensity of light. Our table is made for such a 
position of this condenser that the light on the focusing screen 
is brightest. It is not the same for every objective and must be 
found by experimenting, with the aid of an assistant, who moves 
the condenser while the observer watches the field. For this 
experiment the microscope substage is best lowered about 2 mm. 
to insure even illumination. When the position of the condenser 
of the projector has been found and marked on the mounting, 


TABLE OF Exposure Facrors FoR ORTHONON PLATES WitrHOUT RAyY-FILTER, 
Usep witH A B. & L. OPEN Arc D.C. 110 voLT MicroprosectTor 
AND AN ABBE SUBSTAGE CONDENSER WITH N.A. 1.40. 


B.& L. Zeiss 
Achro-  Apo- 
mat E. chrom’t 
19 E.F. 2 
| 
1.30 1.30 
oil immersion 
Substage low- 
ered 1.5 mm. 


Magnifica- 


Linear 


25 0.0005 | 
30 0.0007 | 
40 0.0013 
50 0.0020 
75 0.0045 0.013 | 0.011 
100 0.0080 0.024 0.020 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 


125 0.037 0.031 

150 0.054 | 0.045 

175 | 0.073 | 0.061 | 

200 ‘| 0.096 | 0.080 

250 0.150 | 0.125 

300 0.216 | 0.180 0.108 0.090} 0.048 | 0.040 

350 0.294 | 0.245 0.147 0.122 | 0.065 | 0.054 

400 0.384 | 0.320 0.192 0.160 | 0.085 | 0.071 

500 | 0.300 0.250 | 0.133 | 0.111 0.040 
600 0.432 0.360 | 0.192 | 0.160 0.058 
700 0.588 | 0.490 | 0.262 0.218 0.078 
800 | 0.351 0.284 0.102 
900 0.432 | 0.360 0.130 
1000 0.532 | 0.444 | 0.160 
1250 0.250 
1500 | | 0.360 
1750 | Bp 0.490 
2000 | 0.640 
2500 | | 1.000 


_ 3000 ; 1.440 


| sien ecu Loz | 
ate ato aad | and aa5 
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the experiment need never be repeated again. The table itself 
applies only to an Orthonon plate used without ray-filter. For 
use with Cramer’s rayfilters the factors given in this table must 
be multiplied by the factors shown in my first paper. 

The so-called ‘‘ Pointolite ’’ is an excellent source of light for 
low powers. It requires about 5-10 times longer exposures. In 
our laboratory we use the Complete Illuminating Apparatus with 
D.C. open are. After some experimenting it was found that the 
most satisfactory arrangement of this illuminating system is 
when the are is moved forward to within 24% inches from the 
first condensing lens, a water cell placed between second and 
third condensing lenses, in contact with the mounting of both, 
and the distance between the third and fourth condensing lens 
fixed at 15 inches, while the distance from the latter to the 
microscope table is 7144 inches. Under these conditions the ex- 
posure is double that obtained with the microprojector for 
which the table in this paper is given. I omit giving a separate 
table for this system, because any one may obtain it in a moment 
by simply doubling the values given here. But it must be re- 
membered that change in the arrangement of the illuminating 
system, no matter how small the deviation, will result in wrong 
values. 

ALEXANDER PETRUNKEVITCH. 

YALE UNIVERSITY 


